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In  tliscassiiig  methods  of  preserving  farmyard  manure,  as  in  the 
last  chapter  of  the  fint  volume,  the  question  of  compoat-makiug 
natuiaUf  pnsents  itself,  and  attention  id  called  forcibly  to  the  con- 
riileration  of  several  well-known  facts  which  bear  upon  this  subjecL 

It  is  a  matter  of  old  obaervatioa,  that,  if  some  Icinds  of  peat  bo 
mixed  with  freah  stablo  manure  in  the  proportion  of  two  or  three 
loads  of  the  peat  to  one  load  of  the  dung,  and  the  mixture  be  then 
allowed  to  ferment,  there  will  be  obtained  a  compound  as  efficient, 
load  for  load,  for  many  fertilizing  purposes,  as  pure  stable  manure. 
The  observation  has  often  been  vorified  in  this  country,  as  wall  as 
in  Europe,  and  cannot  be  gainsaid.  Doubtless  several  caosee  con- 
spire to  produce  this  result.  The  fertilizing  qualities  proper  to  the 
peat  are  utilized,  and  the  fermentation  wliich  it  undergoes  conduces 
to  this  end.  The  power  of  the  peat  to  absorb  and  hold  water  comes 
into  play  also.  But  there  is  still  ample  room  left  for  the  argument 
tliat,  owing  to  the  presence  of  the  peat  in  the  mixture,  the  stable 
manure  has  fermented  to  better  advantage  than  it  would  have  done 
by  itself.  This  thought  not  only  bears  directly  upon  the  qaestion 
of  preparing  composts  with  dung,  but,  as  has  already  been  euggestm], 
it  is  meet  intimately  connected  with  the  problem  how  beat  to  pro- 
serve  manures. 

Compottiag  tavei  Manure. 

As  matters  actually  stand,  there  appears  to  be  little  douM  that 
the  results  of  practical  experience  teach  that,  in  many  situations,  a 
larger  proportion  of  the  useful  ingredients  of  dung  and  unne  can  be 
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saved  b;  mixing  theaa  siibstAiicea  with  comparativelf  large  qnaoti- 
ties  of  i>eat,  or  loam,  or  clay,  or  straw,  before  fermentation  has  set  in, 
than  by  auifering  the  manure  to  ferment  in  the  bamyard  by  itself. 
Bal  in  such  admixture  may  be  seeu  the  beginnings  of  the  so-calldd 
process  of  composting,  and  it  may  be  said,  truly  enough,  that  com- 
posting is  practised  in  some  sort  wherever  loam  and  peat,  or  even 
straw,  ore  used  for  bedding  animals. 

It  may  be  well  at  this  point  to  recur  to  the  pnctical  experience 
of  farmere,  and  to  cite  some  new  examples  from  it,  though  it  needs 
to  be  said,  at  the  start,  that  many  farmers  have  strongly  objected  to 
the  use  of  loam  bedding  in  cow  stables.  Their  objections  are  based, 
however,  mainly  upon  the  dirtiness  of  the  earth  and  the  labor  of 
handling  it ;  they  do  not  depend  upon  chemical  considerations,  and 
most  farmers  seem  to  agree  that  cow  manure  may  be  very  well  pre- 
served by  the  eaith.  Some  farmers  have  claimed,  indeed,  that  cowe 
can  be  kept  clean  enough  for  all  practical  purposes  by  using  straw 
fur  bedding  them,  in  conjunction  with  the  loam  ;  and  they  hold  that 
the  trouble  thus  taken  is  more  than  paid  for  by  the  comfort  of  the 
animals  and  the  increase  of  manure.  Probably  peat  or  loam  covered 
with  sawdust  would  serve  a  good  purpvose. 

Zoom  /or  bedding  AntmaU. 

Botenhsn,  in  Germany,  describes  as  follows  bis  method  of  bed- 
ding 100  head  of  neat  cattle  during  the  winter  months  on  nothing 
but  loam.  A  line  of  heavy  joists  is  laid  down  and  firmly  fastened  to 
the  floor  behind  the  animals,  i.  e.  between  them  and  the  gangway, 
in  order  to  hold  the  loam  in  place.  The  whole  of  the  standing-room 
between  these  joists  and  the  urihs  is  filled  with  a  layer  of  dry  loam, 
the  depth  of  which  ia  as  much  as  8  or  10  inches  at  the  rear,  i.  e. 
next  the  joist.  In  this  way  a  horizontal  layer  of  earth  is  provided 
fur  the  animals  to  stand  upon. 

Three  or  four  times  a  day  the  dung,  with  whatever  loam  has  be- 
come moistened  with  urine,  is  scraped  out  and  left  in  little  heaps 
behind  the  animals,  while  the  holes  and  irregularities  of  surface 
that  have  been  made  by  removing  the  loam  are  filled  up  or  smoothed 
off  by  scraping  into  them  earth  from  other  parts  of  the  bed.  Once 
a  day  the  heaps  of  dung  and  loam  are  thrown  out  into  the  yard. 
At  the  end  of  every  fortnight  or  three  weeks,  the  standing-room  is 
cleaned  out  and  a  new  layer  of  loam  laid  down  in  it,  for  the  reason 
that  the  continual  trampling  of  the  cattle  impacts  the  earth  so  firmly 
that  it  can  no  longer  absorb  urine  as  quickly  as  is  desired. 
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In  Older  that  the  auiioaU  may  be  kept  clean,  dry,  and  healthy 
in  this  way,  it  is  essential  that  the  earth  should  be  dry.  Sandy  loam 
does  well,  and  so  do  loams  rich  in  humus,  but  clays  are  bad.  The 
mora  hnmoB  there  is  in  the  earth,  so  much  the  larger  will  its  power 
of  absorbing  water  be,  and  so  much  the  smaller  quantity  of  it  will 
he  required.  The  use  of  dry  peat  for  this  purpose  is  not  nncommon. 
Butenhan  catted  the  loam  in  autumn  aud  kept  it  onder  a  roof. 
Each  of  bis  animala  appears  to  have  used  as  much  as  one  or  two 
two-horse  loada  of  the  loam  every  month.  Heideu  computes  that, 
for  1000  lb.  of  live  weight,  cows  will  need  some  180  lb.  of  loam 
(2^  cubic  feet)  per  diem  in  order  that  they  may  stand  tolerably 
dry. 

Another  way  of  applying  the  earth  is  cited  by  Professor  Johnson 
in  bis  essay  on  "  Peat  and  its  Uaes."  Mr.  Holbrook  of  Brattleburo', 
Vt.,  every  morning  before  cleaning  the  cow  stable,  throws  a  bushel- 
basketful  of  peat  npon  the  dung  behind  each  of  the  animala.  The 
peat  abeoihe  completely  the  urine  and  other  mointun  of  the  manure, 
which  is  held  in  a  watertight  trench  behind  the  animals,  and  the 
warm  mixture  soon  enters  into  fermentation  when  thrown  from 
the  stabla  Mr.  Holbrook,  looking  at  the  matter  as  a  mnkii^  of 
manure  from  peat  rather  than  as  a  saving  of  manure  by  peat,  main- 
tains that  "  much  more  peat  can  be  well  prepared  for  use  in  the 
spring  in  thu  way,  than  by  any  of  the  ordinary  methods  of 
composting." 

CompiMt  Heap*. 

Many  fannen  prefer  to  make  their  compost  in  heapa.  A  common 
plan  is  to  lay  down  a  bed  of  peat  six  or  eight  feet  wide  and  a  foot 
or  so  thick,  to  cover  it  with  a  layer  of  dung  of  somewhat  less  thick- 
ness, followed  by  another  layer  of  peat,  and  so  on,  nntil  the  hesp 
has  become  three  or  four  feet  high.  Various  proportions  of  peat 
are  employed  by  different  (hrmers  in  the  preparation  of  these  com- 
post heaps.  The  ordinary  range  is  from  1  to  6  loads  of  peat  to  1 
load  of  manure,  according  to  the  kind  of  peat  and  the  quality  of  the 
dung.  Rich  dung  from  stall-fed  hoises  or  fatting  cattle  will  bear 
more  peat  than  that  from  animals  less  highly  fed.  If  there  be  much 
straw  or  other  litter  in  the  manure,  less  peat  will  be  added  to  it 
than  if  the  dung  were  clear.  Besides,  the  farmer  would  naturally 
tend  to  nae  more  or  less  peat  in  composting,  according  as  his  land  ia 
light  and  sandy  and  in  need  of  humus,  or  already  oliuged  with  that 
anbatance. 
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The  practical  rule  is,  to  nee  no  more  peat  "than  can  be  thor- 
oughly fermented  b;  the  mauure,"  though  it  may  perhaps  be  &irlf 
questioned  whether  this  rule  i^  well  founded.  Fossibty  a  better 
rule  would  be,  not  to  use  enough  peat  or  other  admixture  wholly  to 
prevent  the  dung  from  fermenting. 

In  case  tlie  dung  were  free  from  long  litter,  it  is  possible,  thongh 
not  probable,  that  it  might  be  still  better  to  mix  as  much  peat 
with  the  dung  as  will  just  prevent  it  from  fermenting.  But,  in  our 
ignorance  of  what  the  ao-called  process  of  fermentation  is,  it  would 
be  hard  to  determine  which  of  the  three  rules  ie  theoretically  the 
best  If  we  could  only  be  sure,  when  peat  enough  is  used  to  pre- 
vent the  dung  fhim  fermenting  in  the  usual  way,  that  the  heap 
would  not  proceed  to  ferment  in  some  other  unusual  and  hurtful 
way,  and  so  destroy  itself,  the  subject  would  be  a  good  deal  clearer 
than  it  is  now.  Probably  there  are  many  cases  where  it  would  be 
well  to  keep  dung  and  urine  in  the  barnyard  fresh  and  raw,  if  that 
could  be  done  without  too  much  labor,  even  if  the  peat  should  ro- 
Aiain  unfermented.  Whether  this  could  ever  be  done  without  risk, 
and,  if  so,  when  and  how,  are  points  still  to  be  stadied.  The  prob- 
abilities  are  that  it  would  not  be  very  easy  to  do  it  uuless  the  mix- 
ture were  put  in  a  rilo.  Hence  the  second  rule  suggested,  not  to 
use  enough  peat  wholly  to  prevent  the  dnng  from  fermenting,  may 
possibly  be  the  best  of  the  three. 

Practically,  the  amount  of  peat  to  be  used  must  always  be  deter- 
mined by  considerations  of  economy  relating  to  the  particular  fiirm 
on  which  Uie  compost  is  to  be  made.  So  long  as  peat  can  be 
hauled  at  amall  cost  by  men  and  teams  belonging  to  the  farm,  at 
times  when  work  in  slack,  and  no  more  profitable  way  of  expending 
the  labor  can  be  found,  it  will  be  well  to  haul  it,  provided  that  tbe 
cost  of  labor  to  be  expended  in  preparing  the  compost  and  in  dis- 
tributing the  bulky  material  in  the  fields  is  less  than  the  cost  of 
obtaining  an  equivalent  quantity  of  commercial  fettilirers  would  be. 
CompotU  require  vwich  Labor. 

As  regards  weight  and  the  amount  of  water  which  it  can  hold 
in  its  pores,  swamp  muck  differs  less  from  farmyard  manure  than 
might  be  supposed.  As  tested  by  Henry  Stewart,  a  cubic  foot  of 
soft  wet  muck,  such  as  could  be  cut  like  buttor,  although  it  was 
Bomewbat  fibrous,  weighed,  as  taken  from  the  bc^,  67  lb.  When 
dried  in  warm  air,  it  gave  off  83%  of  water.  At  the  same  time, 
Stewart  found  that  fresh  horse  manure,  free  from  litter,  when  pressed 
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tightlj  into  a  box  with  a  mmnier,  weighed  64  lb.  to  the  cubic  foot ; 
and  that  fresh  cow  manuie.  Tree  from  litter,  and  eimilartjr  paeka], 
weighed  6S|  lb.  to  the  cubic  foot  Cow  maDnre  taken  from  the 
bottom  of  a  heap,  where  it  waa  sataiated  with  nrine  and  bad  be- 
come portly  rotted,  weighed  70^  lb.  to  the  cubic  foot. 

Od  the  other  band,  it  miut  always  be  reniemberod,  that  the  com- 
mercinl  fertilizers  are  concentrated  and  compact,  and  that  the  cost 
of  distributing  them  is  small.  It  is  tme,  in  fiut,  that  the  widely 
extended  nae  of  these  fertilizers  in  recent  yean,  or  rather  the  ability 
to  procnie  them  readily,  has  caused  composts  to  {aU  into  disrepute. 
Compost  heaps  are  established  much  more  rarely  nowadays  in  New 
England  than  they  were  formerly ;  though  the  remark,  as  quoted 
by  Professor  Johnson,  that  "the  composting  of  muck  and  peat  with 
stable  and  bamyaid  manures  is  surely  destined  to  beoome  one  of 
tiie  most  important  items  in  farm  management  throughout  all  the 
older  States,"  is  probably  still  true  of  a  land  of  small  proprietors, 
for  wboae  labor  there  is  at  times  no  profitable  outgo.  It  can  hardly 
be  accepted,  however,  as  it  stands,  with  regard  to  farms  worked  by 
hired  labor  for  the  sake  of  money  profit  only.  In  the  immediate 
vicinity  of  a  city,  moreover,  it  would  neoally  be  more  profitable  to 
expend  labor  in  hauling  out  hone  dung  or  night-soil  than  in  build- 
ing compost  heaps. 

Cowgxutiitff  aava  Nitrogen, 

As  has  been  said  alrmdy,  hardly  anything  is  known  as  to  the 
chemical  changes  which  occur  when  manares  or  composts  ferment. 
It  is  to  be  presumed,  that,  economically  speaking,  no  process  of 
fermentation  can  do  much  more  than  change  the  things  which  are 
originally  present  in  the  dung  or  in  the  peat  into  new  forms.  It  is 
hardly  to  be  supposed  that  enough  nitrogen  can  be  abecrbed  from 
the  air  and  fixed  in  a  single  compoat  heap  to  be  of  much  practical 
significance.  And  yet  there  are  many  peats,  which  long  experience 
has  shown  to  he  excellent  for  making  composts,  that  appear  to  con- 
tain only  a  very  small  amount  of  mattera  useful  for  vegetation.  A 
peat  of  excellent  lepntation,  analyzed  by  Professor  Johnson,  was 
found  to  contain,  when  in  tha  ai^dried  state,  three  per  cent  of  ashes, 
more  than  half  of  which  was  mere  sand,  and  one  and  a  half  per  cent 
of  nitrogen,  upon  which,  of  course,  the  chief  value  of  the  material 
must  depend.  This  peat  was  composed  almost  entirely  of  carbon, 
hydrogen,  and  oiygen,  neither  of  which  elements  can  be  classed 
among  fertiliung  subetauces;  whence  it  is  plain  that,  excepting  as 
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regards  its  nitrogen,  no  very  Urge  amonnt  of  plant  food  can  be  got 
directly  from  a  peat  even  so  jjood  as  thia  ous. 

But  there  ate  several  ways  of  accounting  for  the  utility  of  peats 
that  are  poor  in  nitrogen.  First  of  all,  it  is  to  be  noticed  that  peat, 
at  least  when  in  its  crude  state,  is  an  antiseptic  or  germicide  agent 
of  considerable  power.  Sour  peat  will  kill  the  microdemes  that 
cause  fermentation,  or  prevent  them  from  thriving  so  that  fermenta- 
tion could  hardly  occur  in  presence  of  any  considerable  quantity  of 
it  This  bet  goes  far  to  explain  how  it  is  that  peat,  when  used  for 
bedding  animals  or  for  absorbing  their  liquid  d^ections,  serves  so 
well  to  preserve  the  manure,  i.  e.  by  delaying  fermentation. 

Moreover  the  humio  aci<ls  in  peat,  even  that  which  has  been 
thoroughly  weathered,  are  highly  effective  agents  fur  absorbing  am- 
monia. In  this  respect,  Professor  Johnson  found  that  a  swamp 
muck  from  the  neighborhood  of  Ne^  Haven  was  capable  of  absorb- 
ing 1,3%  of  ammonia,  while  ordinary  soil  absorbed  only  from  0.1 
to  0.5%.  Heiden  also  noticed  that  a  light  fibrous  crumbly  peat 
osed  as  litter  in  cow  stables,  which  contained  when  air-Jried  0.37% 
of  ash  ingredients  and  93%  of  organic  matter,  of  which  11%  was 
huraic  acid  and  0.64%  was  nitrogen,  was  capable  of  binding  1.6%  of 
ammonia.  He  urges  that  such  peat  would  be  excellent  fur  com- 
posting with  night-soil,  and  that  the  product  would  be  a  good 
manure  for  light  lands. 

The  results  given  in  the  table  were  obtained  by  Detmer  in  ex- 
periments whore  ammonia  gas  was  passed  through  tubes  charged 
with  mixtures  of  peat  and  sand. 


Ths  Ulitnn  oonlolnsd                   Thtn  wen  ab- 

ll»anm<DrP«t 

Ftr  Cent                Per  C«nt                 »r<«a  Onmi 

■liHirbcd  Gnuu 

100                           .  .                           0.0B3 

M                       10                       0.187 

2.08 

80                       20                       0.311 

2.87 

70                   80                   o.asi 

8.80 

60                       40                       0.694 

4.70 

M                       60                       l.OBO 

4.18 

40                       eO                       1.1E2 

8.73 

80                       70                       1.246 

S.48 

30                       80                       1.339 

S.30 

10                       80                       1.494 

8.30 

100                       1.713 

8.43 

In  Germany  cmmbly  peat  baa  Bometiraes  been 

used  even  for  bed- 

ding  horses,  in  such  wise  that  a  three  or  four  inch  layer  of  the  peat 

is  spread  in  the  stalls  and  very  thinly  covered  with  atmw.    It  is 
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urged,  that  hardly  any  odor  of  ammonia  n«ed  be  peneiTed  in  ato- 
bles  tbna  troated,  aod  that  it  ie  easy  enough  to  keep  the  hones 
clean.  Conversely,  it  is  probable  that  one  important  step  in  the 
enring  of  peat  in  dung  composts  ia  the  nentializing  of  the  sourness 
ot  the  peat  through  the  alkalinity  of  the  ammonia,  just  a*  in  corn- 
poets  made  with  lime  or  with  potash  the  acidity  of  the  peat  is 
neutralized  by  these  non-Tolatite  alkalies. 

Experiments  made  in  England  in  1856  hare  shown,  not  only 
that  peat  is  really  effective  for  holding  ammonia,  but  that  pent  is 
decidedly  better  for  this  particular  purpose  than  charcoal  made  from 
peat.  500  grams,  i.  e.  rather  mote  than  a  pound,  of  peat  and  of 
peat-charcoal,  respectively,  were  mixed  with  355  gtanu  of  urine,  and 
kft  to  stand  four  da^  in  the  aii  together  with  a  similar  amount  of 
mere  nrine.  At  the  end  of  this  time  there  was  found  in  the  plain 
urine  as  much  nitrogen  as  would  amount  to  0.947  grm.  of  ammo- 
nia, in  that  which  had  been  mixed  with  the  charcoal  0.233  grm., 
and  in  that  admixed  with  the  peat  1.106  grm.,  the  excess  of  am- 
monia in  the  last-named  case  being  credited  to  the  nitrogen  proper 
to  tb«  peat. 

In  another  experiment,  where  300  grams  of  the  peat  or  the  char- 
coal, each  admixed  with  half  an  ounce  of  urine,  were  left  five  days 
over  sulphuric  acid  under  a  bell  gloss,  it  waa  found  that  no  ammonia 
had  escaped  from  the  peat,  while  the  sulphuric  acid  under  the  char- 
coal bad  absorbed  0.288  grm.  of  ammonia  that  had  come  to  it,  of 
course  in  the  form  of  gas. 

Moreover,  the  carbonacooua  matters  in  peat,  even  in  those  peats 
that  are  poor  in  nitrogen,  probably  serve  a  good  purpose  for  feeding 
the  nitric  ferment  whenever  it  appears  upon  the  scene.  It  has 
been  noticed,  in  foct,  that  the  nitric  ferment  does  not  flourish  ex- 
cepting in  presence  of  an  abundant  supply  of  carbonaceous  food. 
Prom  what  has  been  said  already  under  Farmyard  Manure,  it  is 
plain  that,  in  order  that  peat  or  other  litter  shall  act  to  preserve 
manure,  the  mixture  must  be  kept  moist  and  firmly  compacted.  The 
risks  which  attend  the  free  admission  of  ur  to  such  materials  will 
be  considered  more  fully  hereafter. 

It  is  known  from  analyses  made  by  Professor  Johnson,  that  peat 
can  absorb  and  retain  nitrogen  from  manures  in  some  other  form 
than  that  of  ammonia.  Thus,  a  peat,  which  in  the  crude  air^ried 
state  contained  only  as  much  nitrogen  as  would  amount  to  0.5S% 
of  ammonia,  was  found  to  contain  nitrogen  equivalent  to  1.15%  of 
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ammonia  after  it  had  Itdn  under  the  flooring  of  a  hone  stable  for 
some  lime,  where  it  had  been  partially  saturated  with  urine.  Some 
of  the  same  kind  of  peat,  after  having  been  composted  with  fish, 
was  foand  to  contain  nitrc^n  conesponding  to  nearly  1.31%  of 
ammonia.  It  would  appear  in  these  cases,  not  only  that  some 
ammonia  bad  been  absorbed,  but  that  either  amids  or  othtir  organic 
compounds  of  some  kind  had  been  formed  by  the  decay  of  the 
nitrogenous  constituents  of  the  dung,  the  urine,  or  the  tish.  The 
amounts  of  nitrogen  just  mentioned  seem  large,  in  view  of  the  fact 
that  stable  manure  usually  contains  less  than  1%  of  this  element. 
And  if  it  be  true,  sa  would  seem  clearly  to  be  the  cose,  that  peat  has 
the  power  to  absorb  and  hold  even  as  much  as  one  half  of  1%  of  ita 
weight  of  nitrogen  when  composted  with  manure,  the  fact  is  one  <rf 
great  importance. 

Perhaps  the  best  way  of  illustrating  the  significance  of  the  nitro- 
gen in  peat  composts  will  be  to  recur  yet  again  to  the  well-known 
practical  fact,  that  the  application  of  a  veiy  small  quantity  of  active 
nitrogen  is  often  sufficient  to  insure  the  growth  of  large  crops.  A 
dressing  of  250  to  400  lb.  of  Peruvian  guano  to  the  acre  gives  only 
from  60  to  70  lb.  of  ammonia,  even  if  the  guano  be  of  excellent 
quality  (16%  N) ;  and  in  order  to  obtain  as  much  active  nitrogen 
as  this  there  would  need  to  be  applied  to  the  land  some  6,600  lb.  of 
composted  peat  that  contained  1.25%  of  ammonia.  But  in  actual 
farm  practice  an  ordinary  rate  of  applying  such  compost  is  ten  cords 
to  the  acre,  and  it  is  fair  to  suppose  that  each  of  these  cords  may 
weigh  4,000  lb.  at  the  least 

Curing  of  Peat 

Thus  far  the  argument  baa  been  based  almost  wholly  on  the 
preservation  of  manure,  and  very  little  has  been  said  of  the  im- 
provement of  peat,  or  of  any  other  substance  naed  for  composts,  at 
least  not  directly.  But  enough  has  been  said  indirectly  to  make  it 
evident  that  much  more  remains  to  be  ntged  on  this  side  of  the 
question.  In  fact,  there  cannot  Iw  any  doubt  that  peat  and  loam, 
and  leaves  and  atisw,  and  many  other  o^nic  matters  which  are 
comparatively  inert  in  their  natural  or  crude  state,  become  mote  or 
leas  powerful  manures  afler  they  have  been  ferniented. 

Mention  has  already  been  made  of  the  fact,  that  a  good  part  of 
the  constituents  of  straw  remain  bound  up,  and  unavailable  aa 
plant-food,  until  the  organization  of  the  straw  is  destroyed ;  and 
the  same  remark  will  apply  of  course  to  all  oi^anlzed  vegetable 
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tnatten,  such  as  leaves  and  trtalks,  and  twigs  or  chips  of  wood, 
fiat  by  causing  tbese  inert  matters  to  ferment,  by  mixing  them  with 
dung,  or  blood,  or  Gsb,  or  flesh,  or  any  other  putresctble  or  easily 
fermentable  matter,  tbetr  organizatiitn  is  quicldy  destroyed,  end 
whatever  of  nutriment  may  be  in  tbem  is  made  immediately  availa- 
ble for  crops.  Thus  id  the  fermentation  of  bone-meal,  while  the 
conversion  of  the  ossein  is  the  chief  deeidetatnm,  it  may  still  fairly 
be  inferred  that  the  phosphate  will  be  lud  bore,  and  made  more 
readily  accessible  to  solvents  and  to  the  roots  of  plants  than  could 
have  been  the  case  if  the  partides  ot  bone  bad  not  been  decomposed 
and  dinntegrated. 

Analogy,  drawn  from  practical  experience  with  fermented  bone- 
meal  and  fish  scrap,  points  to  the  concluBion  that  peat  and  straw, 
or  other  litter,  may  often  be  greatly  improved  when  subjected  to 
appropriate  fermentation ;  and  Fi^el  has  shown  by  methodical  ex- 
periments that  fermentation  is  really  an  efficient  means  for  improv- 
ing the  inert  nitrogen  in  many  oi^nic  matters.  He  finds  that 
moch  of  the  insoluble  organic  nitrogen  is  thus  converted  to  soluble 
forms.  Sat  tbe  fermentation  must  not  be  too  violeut,  lest  much  of 
the  nitrc^Q  be  wholly  lost. 

In  tbese  experiments,  one  set  of  boxes  were  charged  with  100  lb. 
or  more  either  of  bon»-meal  or  of  fish  guano  that  had  been  inti- 
mately mixed  with  some  35  or  40  quarts  of  either  ox  urine  or  dung 
liquor,  and  the  materials  were  then  lefli  to  ferment ;  while  to  an- 
other set  of  boxes,  similarly  charged,  10%of  gypsum  was  added,  and 
incorporated  with  tbe  materials.  The  results  of  these  trials  are 
given  in  the  table. 

Pbt  Cent  of        Pit  Ont  of 

ewiie  SolahU.  to  WuU. 

1.  I^sh  gmno,  arine,  and  gypamn  (niMtt)      .     .         iO.4  .  .  . 

3.  Suns  aa  Ko.  1,  withont  gjpanm  (very  mouit)  .         48.8  ,  .  . 
S.  Bone-nieal,   dung  liquor,   and  gypanm,  very 

TooUt  at  first,  afterwardi  ilry 40.3  4.7 

4.  Bone-mnl  and  arioB  (moderately  moist)    .     .        SO.O  B9.S 

5.  Fish  giuno  and  mail  unoiint  of  dang  liquor, 

incompletsly  moistened 42.6  4.3 

From  No.  3  it  appears,  as  has  often  been  shown  by  other  experi- 
ments, that  gypsum  hinders  the  waste  of  nitrogen  during  fermenta- 
tion. In  No.  5  but  little  dnng  liquor  was  added  in  the  beginning, 
in  order  tbst  tbe  fermentation  might  be  weak  and  slow.  Pagel 
urges  that,  in  order  that  a  fermentation  may  be  regarded  aa  proper, 
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much  heat  mnst  Im  deyeloped  hy  the  materiala.  A  tbennoinetet 
thrust  into  the  femieiitiDg  mixture  should  mark  more  thaa  100°  F. 
The  completion  of  the  fermentation  is  indicated  hy  the  dimiuntion 
of  the  high  temperBtui«.  A  considerable  fall  of  temperature  shoira 
that  action  has  ceased.  But  a  new  fermentation  ma7  be  excited  by 
forkiDg  over  the  heaps  of  materials,  and  moistening  the  dry  placet), 
beet  with  dung  liquor  or  urine.  Too  large  a  proportion  of  the 
urine,  or  other  fermentiiig  material,  should  not  be  used  at  first,  lest 
violent  action  should  occur.  For  the  particular  case  of  boDe-mea], 
25  or  30  quarts  of  dung  liquor  to  110  lb.  of  the  meal  is  oonaidered 
to  be  a  good  proportion. 

Mora  or  less  time  is  required  for  the  completion  of  such  fernien* 
tatiuDS,  according  as  heat  is  developed  slowly  or  speedily  at  first, 
and  according  as  the  heaps  of  material  are  large  or  small.  In 
general,  3  or  4  weeks  will  be  sufficient  for  the  completion  of  the 
process,  when  materials  such  as  boue>meaI  or  fish  scrap  are  far- 
meuted. 

Straw  Compost. 

On  farms  in  Sweden  belonging  to  the  crown,  where  legal  reetric- 
tiona  prevent  the  sale  of  straw,  the  excess  of  this  material  haa 
sometimes  been  composted  by  drenohiog  6  or  8  feet  high  heaps 
of  it  with  water,  in  which  powdered  rape  cake  hat  been  soaked 
Bud  stirred.  The  moist  heap,  loosely  covered  with  earth  1  or  5 
inches  deep,  is  left  to  ferment  for  a  month,  and  is  then  forked  over 
and  again  drenched  with  the  rape^cake  liquor.  1!he  heap  is  then 
left  to  itself  until  hauled  out  as  manure.  From  30  wagon  loads  of 
straw  and  3  cwt  of  rape  cake,  Bergstraiid  obtained  nearly  30  wagon 
loads  of  "manure"  in  the  comae  of  two  months  and  a  half.  On 
comparing  the  product  with  stable  manure  by  means  of  analysis, 
he  ohtunod  the  following  figures  :  — 

Comuiii.  Tinn  Muiur*. 

tVr  btai.  Par  Csnt. 

■Water 7i.sa  78.30      ■ 

Organic  matter IS.iJS  14.01 

Ash«a 10.01  e.89 

Hitroften 0.2S  0.«1 

Phosphoric  acid 0.10  O.20 

Potadi 0.17  0.G0 

Peat  Compotts. 

In  the  preparation  of  peat  composts,  dung  and  fish  are  the  ferments 

commonly  used  ;  bat  urine,  or  gnanp,  or  the  dung  of  fowls,  would 
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seiTB  ilie  parpoae  ezcellentlr.  Blood  is  objectioutible,  because  of 
the  hoifibly  offensive  odor  which  is  exbaled  by  composts  prepared 
witb  iL  It  m^ht  uot  be  easy  to  say  just  what  the  substaiices  are 
which  smell  so  offenaiTely,  but  there  is  every  reason  to  beliere  that 
they  hare  no  agricultural  significaoce.  There  is  do  greater  fallacy 
than  that  which  gaogea  the  worth  of  a  manure  by  the  stench  the 
inanure  emits. 

By  the  process  of  fermenting,  time  is  gained ;  the  oiganization  of 
the  vf^table  mattere  is  broken  down  in  a  few  weeks  or  months  in 
tlte  compost  heap,  instead  of  resisting  decay  for  a  long  time,  as 
woold  be  the  ease  if  the  mattera  were  h)ft  to  themselves.  This 
point  might  be  illustrated  by  reference  to  an  oak  stump.  Left  to 
itself,  the  stump  long  resists  decay,  though  the  mould  which  finally 
results  from  its  decay  is  rich  in  plant-food.  But  the  decay  could 
soon  be  effected  by  reducing  the  fresh  stamp  to  the  condition  of 
saw-dust,  and  fermenting  this  saw-dust  in  any  appropriate  way. 
Another  striking  illustration  was  offered  by  the  former  use  of  wool- 
len rags  in  French  agriculture.  These  rags,  as  has  been  shown  al- 
ready, contained  12  to  14%,  sometimes  even  10  or  18%,  of  nitrogen ; 
but  they  decomposed  so  slowly  in  the  soil  that  their  action  was  felt 
on  good  moist  land  for  7  or  8  yean,  iu  case  they  were  applied  in 
the  unfermented  state.  But  when  fermented  by  means  of  urine  or 
gnauo-water,  as  was  the  French  practice,  they  became  a  quick-acting 
and  powerful  manure. 

Peat  also,  like  the  organized  eubetancea  just  mentioned,  is  often, 
not  to  say  usually,  very  much  improved  by  fermentation.  As  has 
been  said,  some  kinds  of  peat  serve  very  well  as  manure  when 
applied  to  the  soil  directly,  without  weathering  fermentation,  or 
preparation  of  any  kind.  Some  sorts,  moreover,  ferment  of  them- 
selves when  thrown  up  into  heaps,  and  exposed  to  worm,  moist 
weather.  But  there  are  other  kinds  which  are  wellnigh  useless  as 
mannrea^  nnless  they  have  either  been  rotted  or  fermented. 

In  view  of  thrae  differences,  it  is  not  strange  that  some  farmera 
should  deem  mere  exposure  of  peat  to  the  air  to  be  a  sufficient 
preparation  of  this  material,  for  the  practice  may  be  judicious  as 
regards  some  kinds  of  peat.  It  is  often  justified  withal  by  consid- 
erations nf  labor  and  the  cost  of  distribution.  But  the  surest  and 
safest  way  of  obtaining  good  results  with  peat  is  to  ferment  it 
artificially  in  the  compost  heap.  With  peat,  as  with  the  vegetable 
mattera,  the  usual  fermenting  agent  is  the  dung  of  animals.     Horse 
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(lung  is  esteemed  to  be  the  btst  kind,  though  urine  would  be  bet- 
ter; and  tish  has  been  used  largely  foe  the  purpose,  especially  on 
the  southern  coast  of  Nev  England.  Guano  has  been  used  also  as 
the  ferment,  in  the  proportion  of  one  putt  of  guano  to  6  or  6  parte 
of  peat.  So  also  have  blood  and  the  ofial  of  slanghtet-houaes,  fish 
scrap,  cotton'4eed  meal,  soap-boiler's  scraps,  currier's  scraps,  night- 
soil,  and  other  easily  decomposable  animal  or  vegetable  matters. 

In  case  flesh  is  used,  as  when  an  animal  has  died  from  disease,  it 
will  be  well  to  divide  the  flesh,  and  to  distribute  it  in  such  manner 
that  a  tolerably  equable  mixture  of  it  and  the  peat  may  be  bad.  A 
small  piece  of  flesh  will  ferment  many  times  its  own  bulk  of  peat, 
provided  it  be  brought  into  tolerably  intimate  contact  with  the 
]>eat.  On  account  of  the  peculiarly  ofiensive  odor  of  such  compost, 
it  is  best  not  to  open  the  heaps  except  in  winter  weather.  Such 
compost  had  better  be  hauled  to  the  fields  in  cold  weather,  and 
ploughed  under  as  soon  as  may  be  practicable  in  alt  cases.  A  sim- 
ilar remark  will  apply  to  composts  made  with  night-xoil.  If  care 
be  taken  to  work  upon  such  heaps  in  winter,  the  laborers  will  be 
less  perturbed.  There  is  one  trouble  with  flesh-made  composts,  in 
that  all  the  d<^  in  the  countryside  are  apt  to  dig  at  the  heaps. 

In  any  event,  care  must  be  taken  not  to  compost  the  flesh  of 
animals  which  have  died  of  infectious  diseases.  The  researches  of 
Pasteur  have  shown  that  the  germs  of  the  microscopic  organism 
which  cauees  splenic  fever  (malignant  pustule),  as  well  as  various 
germs  which  produce  putrefaction  and  septicatraia,  ai-e  not  destroyed 
in  the  compost  heap,  —  not  even  when  they  are  in  actual  contact 
with  flesh  in  a  state  of  putrefaction.  Even  when  the  diseased  bodies 
of  animals  ore  buried  in  the  ground  st  a  depth  of  eeveral  feet,  earth- 
worms constantly  bring  up  the  malignant  germs  and  deposit  them, 
in  their  dung,  at  the  surface  of  the  soil.  When  these  worm-casts  are 
scattered  aa  dust,  or  washed  about  by  rains,  portions  of  them  cling 
to  the  grass  or  other  hetb^,  and  so  infect  the  animals  that  feed 
upon  it.  Pasteur  has  urged  that  animals  should  never  be  buried  in 
cultivated  fields,  mowing-fields,  or  pastures.  Whenever  possible, 
the  bodies  should  be  related  to  poor,  dry,  sandy,  or  chalky  soils, 
not  suited  for  the  existence  of  eorth-worma. 

One  valuable  resource  for  making  compost  is  the  kitchen  sink. 
Suppose  that,  at  a  convenient  distance  from  the  house,  a  hole  be  dug, 
three  or  four  feet  deep,  and  of  such  shape  that  carts  can  be  driven 
into  it,  and  that  a  gutter  be  carried  to  this  hole  from  the  siiik.    By 
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filling  the  bole  from  time  to  time  with  peat,  sods,  weeds,  and  sweep- 
ings from  the  honse,  the  dooryard,  and  the  barn,  aud  letting  the 
soapsudfl  and  other  nfuse  irom  the  boose  ran  down  upon  it,  a  very 
^cient  &ctor7  of  manure  may  be  created.  It  will  be  well  to  sliade 
and  conceal  the  place  with  a  hedge  of  evergreens,  and  to  have  a  heap 
of  earth  handj  to  throw  in  to  stop  amella.  This  method  of  pro- 
cedure is  said  to  have  been  described  aud  commended  hj  several  uf 
the  old  Roman  writers  on  agriculture. 

A  still  more  simple  method  of  making  compost  was  described  by 
Jared  Eliot,  in  1747.  He  had  a  long,  iiairow  cowyard  at  the  road- 
aide,  into  which  the  animals  were  driven  every  night.  Unce  a 
month  he  took  down  the  end  fences  of  this  yard  and  ran  a  plough 
through  it,  taking  cars  to  turn  furrows  up  to  the  very  edges  of'the 
yard,  or  as  near  to  the  side  fences  as  was  possible.  The  end  fences 
were  then  reset,  and  the  cows  kept  in  the  ploughed  yard  at  night, 
as  before,  during  another  month,  aud  so  on  through  the  entin 
summer,  ploughing  once  a  month.  He  finally  carted  the  ploughed 
earth  npon  the  adjacent  fields,  remarking  that,  as  it  was  very  heavy, 
a  long  land  carriage  was  not  easy.  He  found,  as  he  says,  "  that  the 
whole  furrow  depth  of  earth  was  become  dnng,  making  an  increase 
beyond  what  one  would  imagine."  "  I  had  fonrfold  more,"  he  says, 
"  than  I  should  have  produced  in  the  common  way."  The  dung  was 
Eproad  both  upon  grass  and  com  land,  "  I  did  not  find  but  that  its 
effects  were  equal  to  those  of  dung." 

Alkali  Gompniti. 

Beside  the  easily  pntreecible  organic  matters,  there  are  other 
agents  capable  of  producing  fermentation  in  heaps  of  pest  or  of 
similar  materials^  As  practical  men  well  know,  the  caustic  alkalies, 
potash,  soda,  lime,  and  ammonia  possess  tbia  power  in  high  degree, 
and  so  do  the  alkaline  carbonates,  such  as  soleratus  and  soda  ash. 
It  was  a  capital  observation  of  Angus  Smith,  that  putrefactive  fer- 
mentation will  shortly  set  in  when  a  soil  rich  in  organic  matter  is 
mixed  with  enough  alkali  to  saturate  it,  and  is  then  left  moist  in  a 
warm  place.  Conversely,  it  is  known  that  acids  and  acid  salts  hinder 
piitrefoction.  Pettenkofar  noticed  that  the  ammoniacal  fermentation 
of  dang  and  urine  may  be  checked  if  means  are  taken  to  prevent 
the  materials  ttaxa  becoming  alkaline.  All  is,  the  presence  of  the 
alkali  favors  the  growth  of  tl)e  microscopic  ferments,  and  that  of  an 
acid  binders  it  Pagel,  in  his  turn,  found  that  moor  earth  which 
had  been  moistened  with  potash  lye  actively  absorbs  oxygen  gas 
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from  the  air,  and  that  tbe  absorption  ia  more  rapid  in  proportioD  aa 
the  surface  of  peat  exposed  is  lai^jer,  as  when,  for  example,  inert 
matters  an  mixed  with  the  peat 

Manitestly,  these  observations  go  far  to  ezpUin  tbe  mode  of  action 
of  alkalies  in  compost  heaps.  Lime  in  particular  has  long  been  an 
approved  ingredient  of  composts.  They  serve  to  explain  also  the 
use  by  practical  men  of  vood  ashes,  of  peat  ashes,  gas  lime,  and 
mixtures  of  lime  and  salt. 

Indeed,  the  observation  of  Smith  goes  to  show  tlist  not  only  pu- 
trescible  organic  matter,  bat  tbe  gaseous  ammonia  evolved  from  it, 
is  capable  of  exciting  putrescence  in  the  peat  or  loam  to  vbich  it 
gains  access.  It  ia  probable  that,  while  American  potashes  are  to  be 
bought  so  cheaply  as  has  recently  been  the  case,  a  valuable  manure 
for  application  to  leachy  hungry  soils  might  i«adily  be  prepared  by 
drenching  heaps  of  peat,  layer  by  layer,  with  weak  lye  iu  the  spring, 
and  leaving  the  mixture  to  ferment  daring  as  many  of  tbe  summer 
months  as  practice  might  indicate. 

One  method,  formerly  common,  of  preparing  compost,  was  to  dig 
sods  from  beside  a  wall,  or  to  plough  up  an  old  headland,  or  to  clear 
out  a  ditch,  aud  to  throw  the  material  thus  obtained  into  a  heap, 
layer  by  layer,  with  lime,  or  wood  ashes,  or  manure,  and  to  leave  the 
heap  for  seTeral  months  to  ferment.  After  having  been  fo^edover 
to  make  it  fine  and  mellow,  such  compost  was  esteemed  to  be  an 
excellent  top-dressing  for  mowing-fields. 

Some  of  tbe  empirical  rulea  for  the  use  of  alkalies  with  peat  are 
as  follows.' 

For  every  cord,  or  say  100  hnshels,  of  peat,  tdke  of  wood  ashes 
12  basbels^  of  leached  ashes  20  bushels;  of  peat  sahes,  20  or  30 
bushels  ;  of  gas  lime  or  spent  soap-boiler's  lime,  20  bushels ;  and  of 
quicklime,  10  bushels,  to  be  slaked  with  water  just  before  nee,  or, 
better,  to  be  slaked  with  a  solution  of  common  salt  in  water,  or, 
better  still  in  all  proliability,  with  a  solution  of  muriate  of  potash 
instead  of  the  sodium  salt. 

The  peat  and  other  ingredients  are  mixed  as  thoroughly  as  may 
be,  by  spreading  them  in  layers,  and  the  whole  is  built  up  into  a 
compact  heap  three  or  four  feet  biflb.  In  case  the  peat  is  not  al- 
ready moist,  the  finished  heap  should  be  drenched  with  water,  end 
then  be  covered  with  a  few  inches  of  louse  peat,  and  left  to  itself. 
After  two  or  three  months,  it  is  held  to  be  good  practice  to  shovel 
'  8.  W.  Johnsoa'i  "Pent  sad  its  Uaf^"  p.  72. 
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tfae  beap  over  to  u  thorongbly  to  mix  the  ingredienta,  after  which 
it  may  be  covered  with  a  loose  layer  of  freah  peat,  and  left  to  itaelf 
until  the  whole  of  the  original  peat  is  tboTongbly  decomposed.  Five 
or  six  months  of  sammer  weather  ate  sufficient  for  the  whole  opera- 
tion. Instead  of  ahorelling,  the  heap  may  be  plouglied  oner,  or 
turned  with  a  n»d  scraper. 

Compoft  milk  LtBie  and  Salt. 

The  uae  of  a  mixture  of  mit  and  lime,  instead  of  roei«  lime,  fur 
composting  peat  has  often  been  highly  commended.  The  idea  is  a 
very  old  one.  Sir  Humphry  Davy,  in  his  work  on  Agricultaml 
ChemistiT,  mentions  the  fact  that  several  pnctical  men  have  de- 
rived more  benefit  from  the  hm  of  lime  moistened  with  sea-water 
than  from  common  lime.  The  late  Dr.  Dana,  of  Lowell,  brought 
forward  much  evideura  in  favor  of  the  mixture  in  his  "Muck 
Hannal " ;  and  it  has  been  used  in  the  Cotton  States  with  so  much 
advantage,  that  there  was  talk  at  one  time  of  removing  a  duty  on 
salt  as  a  means  of  encouraging  the  growth  of  cotton.  The  merit  of 
the  salt  and  time  mixture  depends  upon  the  tacte  that  some  caustio 
soda  (and  subeeqnently  carbonate  of  soda)  is  formed  through  the 
mutual  decomposition  of  the  salt  and  the  lime,  and  that  the  power- 
ful soluble  Bodic  alkali  iuducee  the  decomposition  of  the  peat  more 
rapidly  than  conid  be  done  by  the  weaker  and  less  soluble  alkali, 
lime. 

The  ordinary  method  of  proceeding  is  to  slake  quicklime  with 
brine,  and  to  spread  the  powdery  product,  layer  by  layer,  upon 
moist  peat,  that  has  just  been  thrown  out  from  the  hog.  Under 
these  conditions,  small  qnantities  of  caustic  soda  and  chloride  of 
calcium  are  formed  from  thn  decomposition  of  the  salt  by  the  lime ; 
they  dissolve  in  water,  and  diffuse  into  the  wat«r  with  which  the 
peat  is  charged.  But  they  diffuse  at  unequal  rates,  and  so  tend  to 
become  separated  one  ^m  the  other.  The  caustic  soda  diflbsea 
faster  than  the  chloride  of  calcium,  and  is  thos  enabled  to  act  to 
better  advantage  npon  the  peat : 

CaO  +  2  NaCl  =  CaCI,  +  2  2f bHO, 

The  fact  of  the  formation  of  crusts  of  carbonate  of  soda  upon  the 
snrbce  of  the  soil  in  many  desert  places  where  salt  and  lime  are  in 
contact  with  one  another,  has  been  frequently  observed  since  a  very 
early  period  ;  and  it  was  argued  long  t^^  that  the  capillary  power 
of  the  soil  played  an  important  part  in  the  reaction.  Bat  it  was 
not  nntil  the  publication  of  Graham's  researches  on  the  unequal 
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diffusion  of  liquids,  that  the  manner  of  the  fornistion  of  the  crnsta 
could  be  explained  in  a  thomnghly  satisfactory  way.  Were  it  not 
for  the  capillary  attraction  which  invites  the  diffusion  of  the  soda, 
the  reaction  above  formulated  would  not  occur.  If  lime  and  salt 
were  to  be  mixed  in  a  bucket  of  water,  no  evidence  could  be  got  of 
any  such  reaction  as  the  foregoing.  It  is  only  in  porous  peat  or 
porous  earth  tlist  effective  mauifestations  of  it  are  to  be  seen. 

There  can  be  no  doubt  that  the  use  of  the  salt  and  lime  mixture 
is  preferable  to  the  use  of  lime  alone,  as  a  general  rule.  But  now 
that  a  clew  to  the  mode  of  action  of  the  mixture  has  been  discovered, 
there  is  room  for  very  grave  doubts  whether  the  use  of  the  salt  and 
lime  should  be  continued.  The  method  of  procedure,  it  will  be  ob- 
served, is  empirical  to  the  last  degree.  The  saccess  of  the  operation 
must  depend  in  great  measure  upon  the  degree  of  porosity  of  the 
heap,  and  the  best  conditions  for  success  in  that  particular  would  be 
hard  to  discover  and  control.  Considered  as  a  method  of  preparing 
caustic  soda,  or  carbonate  of  soda,  the  process  is  simply  despicable. 
Indeed  it  can  hnrdly  be  doubted  that  soda  could  be  applied  to  peat 
more  methodically  and  economically  in  the  form  of  black  aah,  soda 
ash,  or,  better  yet,  in  that  of  barilla  from  Teueriffe. 
Piita*h  better  than  Soda. 

But  while  potashes  are  so  cheap  as  they  are  now,  and  ore  likely 
to  continue,  there  can  hardly  be  any  question  of  using  soda  in  any 
form  for  preparing  composts.  Potash  is  a  manure  in  itself,  a  neces- 
sary form  of  plant  food.  Soda  has  no  such  claim  upon  the  farmer's 
attention.  Plants  can  succeed  perfectly  well  without  soda,  and  as 
an  alkali  it  has  no  advantage  over  potash.  The  chief  lesson,  then, 
to  be  drawn  from  the  "salt  and  lime  mixture"  is,  that  the  time- 
honored  method  of  composting  peat  with  wood  ashes  is  a  good 
method,  and  that  it  should  be  inculcated  and  improved  upon,  to  the 
exclusion  of  the  lime  and  salt. 

,  Carbonate  of  Lime  ComponU. 

The  use  of  carbonate  of  lime  as  an  ingredient  of  composts  has 
often  been  commended.  At  the  South  it  is  used  in  the  form  of 
shell  marl,  but  in  the  Iforthem  States  commonly  in  the  form  of 
leached  ashea.  Some  kiuda  of  peat  ashes  which  are  used  for  com- 
posting in  Europe  contain  it,  and  so,  of  course,  do  fresh  wood  ashes 
as  a  secondary  ingredient,  so  to  say.  The  utility  of  the  lime  car- 
bonate 18  doubtless  connected  with  the  fact  that  it  dissolvee  some- 
what in  oarbonic-acid  water,  and  that  the  solution  thus  fbrmed  is 
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alkaline.  "  Bicarbonate  of  lime  "  is  known  to  ba  alkaline,  aiiil  it  ia 
not  impossible  that  the  faintly  alkaline  liquid  may  have  aame  slight 
chemical  iofluence  in  diaintegrating  organic  matter.  But  the  real 
stgniKcance  of  carbonate  of  lime  in  composts  is,  that,  beside  nentral- 
idug  the  natural  sonrness  of  peat,  it  lavota  to  a  remarkable  degree 
the  growth  of  the  nitric  fennent,  and  so  promotes  nitrification. 

In  the  light  of  this  knowledge,  it  does  not  appear  that  the  use  of 
carbonate  of  lime  by  itself,  as  the  sole  agent  in  a  compost,  ta  specially 
praiseworthy,  unless  indeed  the  material  to  be  operated  upon  hap- 
pens to  be  a  well-weathered  peat  of  good  quality,  which  is  already 
so  far  cured  as  to  be  nearly  or  quite  ready  for  nitrification.  In  this 
particular  case,  the  admixture  of  carbonate  of  lime  would  accelerate 
nitrification,  and  might,  perhaps,  be  the  very  best  addition  that 
could  be  made^  especially  if  the  climate  of  the  locality  happens  to 
be  warm.  But  upon  crude  peat  carbonate  of  lime  can  hardly  be 
expected  to  serre  so  good  a  purpose  as  euch  active  chemical  agents 
aa  quicklime,  wood  ashes,  or  potashes,  although  it  may  be  invalua- 
ble ae  au  adjunct  to  dung  composts  and  to  those  made  with  fish, 
flesh,  or  oil-cak&  Aud  it  is  an  open  question  whether,  in  such 
esses,  it  might  not  just  as  well  be  added  to  the  heap  after  the  ttrst 
hot  fermentation  due  to  the  action  of  the  dung  has  pAssed  by. 

There  is  oue  case,  it  is  true,  where  carbonate  of  lime  may  beet 
be  used  by  itself  upon  erode  peat,  and  that  is  when  the  peat,  as 
aonietimes  happens,  contains  sulphate  of  iron.  In  that  event  the 
lime  carbonate  will  be  the  cheapest  and  best  ^nt  for  decomposing 
the  ferrous  salt.  So,  too,  when  the  object  is  merely  to  correct  the 
soar,  antiseptic  qnolity  of  crude  peat,  carbonate  of  lime  wilt  serve 
an  excellent  purpose,  although  it  may  not  act  so  quickly  or  so  efi'ect- 
irely  as  slaked  lime.  In  time,  however,  either  of  these  agents 
would  neutmlize  both  free  humic  acids,  sulphuric  acid  if  it  were 
preaent,  and  ferr'oun  sulphate. 

In  any  event,  it  is  important  not  to  underrate  the  significaiice  of 
carbonate  of  lime  for  compost  making.  Schulze  noticed  long  ago 
that  moist  peat  which  had  been  mixed  with  powdered  chalk  gave 
off  much  more  carbonic  acid  than  similar  peat  to  which  no  lime  had 
been  added,  showing,  of  course,  that  decomposition  was  rapid ;  and 
Enop  expressly  states  that,  when  moist,  the  bumates  of  lime  and  of 
baryta,  as  well  as  those  of  potash,  soda,  and  ammonia,  oxidize  much 
mare  rapidly  in  the  air  than  humus  does  by  itself. 

Petersen  bos  dotermined  by  methodical  experiments  the  amounts 
VOL.  II. —  2 
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of  carbonic  acid  that  were  ^ven  off  from  Bour  huiDus,  and  from  that 
vhiuh  had  been  neutralized  by  the  addition  of  marl,  when  a  cnrreut 
of  air,  free  from  carbonic  acid,  was  made  to  flow  elowLjr  ovet  the 
materials.     His  results  are  as  follows  :  — 

1.  One  litre  of  a  heavy,  aterile  clayey  soil  of  slightly  add  reac* 
tion,  which  contained  2%  of  humos,  gave  off  by  itself  in  the  course 
of  16  days,  at  a  tempeiattm  of  55°  F.,  no  more  than  0.92  grm.  of 
carbonic  acid,  while  a  litre  of  the  same  earth  that  bad  been  mixed 
with  1%  of  carbonate  of  lime  in  the  fi>cni  of  marl  gave  off  2.62  grm. 
of  carbonic  acid. 

2.  A  litre  of  leaf-mould  containing  68%  of  humus  that  had  a 
etrongly  acid  reaction  gave  off  in  16  days*  time,  at  6i°  F.,  0.89  grm. 
of  carbonic  acid  buth  by  itself  and  after  0.5%  of  the  carbonate  of  lime 
had  been  added  to  it ;  but  in  this  case  the  quantity  of  mart  used  was 
insufficient  to  neutralize  the  acidity  of  the  leaf-mould.  In  another 
trinl,  however,  where  the  acidity  of  the  leaf-mould  was  neuti&liEed 
by  raising  with  it  3%  of  the  lime  carbonate,  6.35  grin,  of  carbonic 
acid  were  given  off  in  16  days'  time. 

All  these  results  are  readily  explicable  by  what  ia  now  known  of 
nitrification.  Neutralization  of  the  sour  humus  promoted  the  ao- 
tivity  of  the  nitric  ferment,  and  the  quantities  of  carbonic  acid 
evolved  in  the  several  instances  were  probably  pretty  accurate  mens- 
ures  of  the  amounts  of  nitrification  which  occurred  in  the  different 
samples  of  earth.  As  has  been  already  insisted,  a  trace  of  alkalinity 
in  the  eoil,  and  air,  moisture,  warmth,  carbonaceous  food,  and  am- 
raonimn  compounds,  constitute  favorable  conditions  for  nitriiicatiua. 
It  is  possible,  moreover,  that  in  some  of  these  instances  other  kinds 
of  fermentation,  such  as  those  which  produce  ammonia,  may  have 
occurred.  It  is  not  unlikely,  indeed,  that  they  may  sometimes  have 
preceded  the  nitric  fermentation.  Experiments  on  the  fixation  of 
free  nitrogen  from  the  air,  such  as  were  described  in  the  chapter  on 
Vegetable  Mould,  go  to  show  that  fermentations  which  occur  in  the 
presence  of  alkalies  may  often  be  preferable  to  other  modes  of  decay. 
Still  it  is  not  to  be  expected  that  a  compound  so  feeble  in  the  chemi- 
cal sense  oa  carbonate  of  lime  can  act  upon  crude  peat  and  other 
lough  materials  with  the  vigor  of  a  true  caustic  alkali ;  though  the 
carbonate  is  a  useful  t^ut,  nevertheless,  and  may  perhaps  always 
do  some  good  when  present  in  a  compost  heap. 

Old  mortar  or  plastering  and  soap-boiler's  lime  cannot  be  claaeed 
too  strictly  as  carbonate  of  lime,  since  they  are  apt  to  contain  a 
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small  proportion  of  caustic  lime.  Either  of  them  would  eerve  a  use- 
ful purpose  for  neutnlizing  the  bumic  acids  id  crude  peat,  and  would 
Bubsequently  help  nitrifiuation.  Even  spent  gas  lime,  in  spite  of  iU 
containing  poisonous  sulphides  aud  sulphucjanides,  may  perhaps  be 
wall  fitted  tor  correcting  the  soarnessof  crude  peat,  oa  a  preliminary 
to  composting  the  peat  with  dung.  For  this  purpose,  however,  it 
should  not  be  naed  in  excess. 

The  following  experiments  were  made  by  Professor  Johnson  at 
Bev  Haven,  to  teat  the  effect  of  alkalies  in  developing  the  fertilizing 
power  of  peat.    Fain  of  pota  were  tilled,  — 

1.  With  pest  alune  (270  grm.  in  each  pot). 

S.  Feat  and  10  grm.  ashee  of  young  gnus. 

3.  Peat  aud  ashes  (lu  before),  aiid  10  grm.  carbonate  of  lima. 

4.  Peat  and  ashea,  and  10  grm.  elaked  time. 

5.  Peat,  oahes,  and  lime,  and  salt  for  slaking. 

6.  Peat  aud  asbes,  and  3  grm.  Peruvian  guano. 

Five  kernels  of  pop^corn  were  planted  in  each  pot,  and  the  pota 
vere  watered  with  pure  water,  and  the  planta  were  allowed  to  grow 
until  thoM  best  developed  ceaaed  to  feed  npon  the  soil  but  upon 
their  omi  lower  portions,  as  abowu  by  the  withering  of  the  lower 
leaves. 

The  air-dried  crops  were  as  follows  :  — 


1.  Peatalona 4.20  1  2^ 

2.  FsataodubM 32- U  8  20 J 

5.  Pent,  uhei,  and  carbonate  of  lime  59.U  B  25} 
i.  Peat,  Mhes,  and  iiliked  lima    .     .  43.21  10  33} 

6.  Peat,  ashea,  liine,  and  salt  .    .     .  M.43  II  80} 
«.  Peat,  a«he^  and  guano            .     .  S3.7S  13  BS} 

The  object  of  the  guano  was  to  have  a  standard  of  normal  action. 

The  peat  alone  was  in  this  particular  instance  incompetent  to 
sapply  all  the  food  which  was  required ;  the  peat  and  ashes  did 
better,  while  by  the  action  of  the  alkaline  materials  the  inert  nitro- 
gen of  the  peat  was  made  really  active,  and  the  crops  grew  tolerably 
-welL  The  diSeiencea  between  the  three  alkalies  are  well  marked, 
though  of  conrae  the  ashes  alone  were  somewhat  alkaline.  Mention 
has  ^ready  been  made  of  Bonssingaiilt's  observation,  that  the  addi- 
tion of  caustic  lime  to  loam  largely  increases  the  amount  of  ammonia 
contained  in  it,  through  decomposition  of  inert  nitrogen  compounds 
in  the  humus. 
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Action  of  lAfM  on  Dung. 

In  cottneotion  vitb  the  sabject  of  the  action  of  alkalies  on  peat, 
some  mention  shonld  be  made  of  their  action  npon  frtah  dnng,  or  on 
dang  that  is  fermenting  in  moiat  heaps,  althoagh  not  much  ia  known 
accurately  concerning  Uiese  mattere. 
,  From  dang  which  ia  undergoing  hot  ferroentation,  canstic  lime  or 
any  other  of  the  fixed  alkalies  will  of  conrae  expel  large  quantities 
of  ammonia  ;  bat  there  is  some  evidence  which  goes  to  show  that 
lime  does  good  rather  than  harm  when  spread  upon  the  surface  of 
ordinary  moist  duug-heape,  and  Fayen  has  urged  that  the  addition 
of  small  quantities  of  lime  to  freeh  dung  or  uiino  retards  their  de- 
composition considerably  instead  of  hastening  it.  There  seems  to 
be  an  actual  union  between  the  lime  and  some  of  the  nitrogenized 
substances  when  they  are  in  the  fteah  condition,  as  will  be  explained 
in  another  place. 

The  following  experiment,  by  Wolf^  is  of  interest  He  mixed 
250  grams  of  quickhme,  that  had  been  allowed  to  slake  in  the  tat, 
with  fresh  cow  manure  in  a  box  of  one  cubic  foot  capacity,  and  left 
the  mixture  to  decay  in  a  north  room  during  15  months.  It  weighed 
some  11,000  grams  at  first-.  The  loss  of  weight  from  this  mixture 
was  rather  more  rapid,  and  was  larger  in  amount,  than  occurred  with 
similar  boxes  of  mere  manure,  and  of  manure  and  gypsum,  which 
were  tested  at  the  same  time.  But  it  appeared  that,  as  was  the  case 
with  the  gypsum  also,  the  final  product  contained  a  smaller  propor- 
tion of  soluble  organic  matters  than  dungwhich  had  rotted  by  itself; 
whence  the  conclusion  that  the  lime  must  have  combined  with  cer- 
tain organic  matters  to  make  them  insoluble.  It  ia  probable,  withal, 
that  some  of  the  matters  thus  fixed  by  the  lime  would  have  decom- 
posed very  readily  if  left  to  themselres.  The  limed  manure  con- 
tained, when  rotted,  more  oiganic  matter,  and  more  nitn^n  also, 
than  the  simple  rotted  manure ;  and  there  was  a  laifjer  proportion 
of  nitrogen  in  the  organic  matters  of  the  limed  manure,  botii  in  those 
that  were  soluble  and  those  which  were  insoluble  in  water. 
OompotHMg  Sefiue. 

Almost  ererything  that  has  been  said  of  composting  peat,  either 
with  dung  or  with  an  alkali,  will  apply  to  a  multitude  of  other  mate- 
rials beside  peak  As  regards  straw  and  leaves,  indeed,  and  other 
easily  decomposable  vegetable  substances,  the  theory  and  practice 
of  fermentation  seem  to  be  tolerably  well  understood.  But  there 
are  many  things,  such  as  the  stalks  of  com,  of  potatoes,  of  buck- 
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wheat,  and  of  beana,  twigs  clipped  from  hedges,  liniihes  mown  in 
lustares,  cbipe  and  aawdust,  clods  aud  weeds,  which  can  be  pei^ 
fectif  well  decomposed  in  the  compost  heap  by  proper  treatment, 
and  which  could  probably  be  economically  decomposed  there,  instead 
of  being  bnmed  to  ashes  as  ie  now  done  iar  too  frequently. 

It  is  well  no  doubt  to  burn  trash  for  the  mere  sake  of  getting 
rid  of  it,  and  the  use  of  fire  often  seems  to  be  justihed  also  as  a 
means  of  destroying  fungi,  the  eggs  of  insects,  and  the  seeds  of 
weeds ;  but  in  all  probability  the  destruction  of  these  pests  could 
be  readily  effected  by  means  of  weak  solutions  of  potashes,  and  the 
nitrogen  of  the  organic  matters  that  harbored  them  be  saved  at 
the  same  time  for  the  farm.  Kubbish  thus  drenched  with  potashes 
would  naturally  decay  quickly  in  warm  weather,  if  it  were  kept  is 
a  damp  place. 

Even  slaked  lime,  admixed  with  weeds  in  the  proportion  of  10 
or  15%  of  quicklime  to  85  or  90%  of  weeds,  is  said  to  decompose 
them  so  speedily  that  the  mixture  is  tit  for  use  next  spring,  though 
the  lime  would  not  be  nearly  so  apt  as  potashes  to  destroy  all  the 
seeds.  In  general,  soluble  alkalies,  like  potash  and  soda,  or  their 
carbonates,  mnst  act  much  more  effectively  to  destroy  weed  seeds 
tlian  any  method  of  merely  composting  with  dung,  although  it  is 
true  enough  that  some  seeds  are  destroyed  in  heaps  of  dung  com- 
post 

It  has  been  recommended  in  Europe,  in  cases  wbeie  the  fodder  or 
the  litter  contains  many  weeds,  to  compost  the  manure  with  loam, 
and  to  drench  the  heaps  frequently  with  dung  liquor  in  order  to  rot 
the  weed  seeds.  The  practice  ia  akin  to  a  plan  for  killing  cotton- 
seeds formerly  in  Qse  at  the  South,  though  far  less  effective  because 
of  the  superior  resisting  power  of  the  weed  seeds.  It  has  been  no- 
ticed recently  that  the  seeds  of  various  weeds  do  not  perish  in  ulos 
of  corn-fodder,  even  when  much  heat  has  been  developed  by  the 
fermentation.  It  would  appear  that  only  those  seeds  are  destroyed 
in  a  silo  which  are  soft  enough  to  swell  under  the  conditions  which 
obtain  there.  The  mere  heat  of  the  place  is  not  high  enough  to 
destroy  many  of  them. 

The  chief  points  to  be  considered  In  composting  coarse  materials 
are,  that  mora  time  must  be  allowed  for  tbeir  decomposition  than 
for  the  decomposition  of  finely  divided  substances,  and  that  special 
care  must  be  taken  to  make  the  heaps  of  coarse  materials  large,  and 
to  keep  them  moist.    It  is  evident  that,  in  order  to  the  best  nsults. 
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the  coaise  materials  should  be  feTmented  hj  themaelvea  in  special 
lieaps.  There  would  be  a  waste  of  time,  and  risk  of  loeing  fertiliE- 
iiig  matters,  if  tiuo  materials  were  left  to  rot  with  coarse  duiing  the 
loug  time  necessary  for  the  decomposition  of  the  latter. 

A  general  idea  of  the  value  of  some  common  kinds  of  refuse 
ma;  be  got  from  the  following  table,  which  gives  in  round  namben 
the  percentage  proportion  of  water,  nitrogen,  And  aah  oidin&rily 
contained  in  them. 

Wslcr.        KltmgHi.       Aih. 

Wheat  Btrair,  freall 19  0.3         .... 

Wheat  straw,  dry 6  to  12        0.6        *  or  S 

Wheat  stubble,  dry S  0.*         .... 

Wheat  ehtfT,       " 8  O.B        8  or  B 

Bye  straw,         " 13       0.2to0.t    *or5 

Barley  straw,      " 12        0.2  to  0.3    *  or  S 

Oat  straw,  fresh 21  0.8  

Oat  straw,  dry IS        0.3  to  0.4    1  or  5 

Pea  straw,  dry 8  2.0  6 

Buckwbeat  straw,  dry IS  0.5         S  to  S 

Potato  vines  (topi  and  leaves)  witlier«d      ...        7S  O.S         2  to  5 

Potato  statka,  dry 13  0.1         2  to  5 

Beet  leaves,  withered 89  O.S         2  or  3 

Carrot  leaves,     "  71  0.0         2  or  S 

Leaves  of  hard-wood  trees  as  laked  Dp  Id  aotDtDD.    lOorSO    O.S  to  ~ 

Ditto,  dry IS  

Pear  leaves,  dry 15  1.4 

S[inice  sawdust 24       0.2  to  < 

Oik  "  «  0.6 

Apple  pomaea 77  0.2 

Onipe  haika 48  1.7 

Berusehopa 78  0.0 

Sod 0.6 

Looking  st  the  matter  from  the  two  points  of  view  which  have 
been  insisted  upon,— viz.  1st,  the  preservation  of  dung,  and,  2il, 
the  decomposition  of  inert  vegetable  matter,  —  it  would  seem  as  if 
iu  geuomt,  at  leaat  for  all  taimB  where  stock  is  kept,  that  only  the 
coarser  sticks  and  stalks  and  clods  should  be  treated  with  a  special 
view  to  their  fermentation,  and  that  the  finer  straw  and  leaves,  aa 
well  OS  peat  and  loam  and  clay,  should  serve  in  the  first  place  as 
bedding  for  cattle,  or  as  absorbents  of  their  liquid  dejections.  The 
litioly  divided  materials  will  usually  be  sufficiently  decomposed  when 
thus  treated,  without  need  of  special  oversight  But  if  all  the  coaraa 
materials  were  banished  to  special  heaps,  there  wonld  seem  to  be 
less  need  of  that  incessant  forking  over  of  dang  and  compost  heaps 
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upon  vhicb  so  mucli  labor  vas  formerly  expended,  and  still  ia, 
indeed,  on  many  fiirms.  The  cost  of  merely  moving  maaure  irom 
tlie  stable  to  tLe  field,  whictt  commonly  involves  the  carting  of  it 
twice  and  the  handling  of  it  funr  or  five  times,  would  seem  to  be 
sufficiently  expensive,  under  the  most  &Torable  circumstances,  wUh- 
out  expending  any  more  labor  than  can  possibly  be  avoided  in  repe- 
titions of  the  turning  process.  It  must  be  admitted,  however, 
that  very  little  is  known  aa  to  the  reasons  why  the  practice  of 
forking  over  manure  persists.  Perhaps  there  are  other  points 
gained  by  the  process  beside  the  mere  decomposition  of  the  long 
litter.  Although  there  is  some  diversity  of  opinion  with  regard  to 
the  advant^e  of  turning  over  compost  heaps,  the  general  impres- 
sion among  formers  seems  to  be,  that  the  oftener  the  heaps  are 
worked  over  during  or  after  fermentation  the  better. 

It  is  noteworthy  that,  in  regions  where  the  wiutere  are  mild,  com- 
post heaps  are  sometimes  covered  over  at  the  beginning  of  winter 
with  straw,  sods,  brush,  potato  tope,  or  the  like,  and  occasionally 
even  with  hoise  manure,  in  order  to  exclude  frost.  In  this  wsy  the 
heap  is  kept  unfrozen,  so  that  its  conteuts  can  be  removed  to  the 
fields  at  any  time.  Perhaps  euch  prot«ction  might  be  usefully 
applied  with  us  both  to  compost  heaps  and  heaps  of  peat  that  are 
to  be  used  in  midwinter  for  compost-making.  It  deserves  to  be 
studied  whether  the  old  plan  of  planting  sqmishes,  pumpkins,  mel- 
ons, or  other  &ee^rowing  plants,  upon  compost  heaps,  has  any  other 
merit  than  that  of  yielding  a  small  crop  at  trifling  cost,  and  of  hid- 
ing the  heaps  from  view.  The  shade  and  anrfiice  moisture  afforded 
by  the  plants  may  perhaps  promote  nitrification ;  but,  on  the  other 
hand,  the  plants  must  necessarily  pump  up  great  quantities  of  water, 
and  tend  to  dry  out  the  interior  of  the  heap, 

A  good  deal  of  importance  is  attacbed  by  some  writers  to  the 
idea  that  compost  ehonld  be  "  ripe  "  when  applied  to  the  land  ;  and 
it  is  taught  that  the  time  needed  to  ripen  a  compost  heap  may  vary 
all  the  way  from  a  few  months  to  two  years,  according  to  the  mate- 
rials and  to  the  season.  Care  must  consequently  be  taken  to  estab- 
lish the  heaps  early  enough,  that  they  may  be  ready  for  nse  at  times 
when  fields  are  to  be  planted.  Perhaps  the  best  plan  of  all  is  to 
have  a  number  of  heaps  in  all  stages  of  progress  toward  ripeness. 

The  chief  advantage  gained  by  stirring  compost  seems  to  be,  that, 
up  to  &  certain  point,  fermentation  sets  in  anew  each  time  the  heap 
is  tamed  over,  and  its  contents  are  loosened  and  exposed  to  the  air. 
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It  majr  be  tnie,  also,  that  the  formatian  of  aitrates  or  nitritea  is 
promoied  by  the  odinissioa  of  air  to  tlie  mass,  tbongh  this  point 
is  pioblematical  as  regards  the  interior  of  the  heap.  So  far  as  th« 
establiahoient  of  a  new  fermentation  goes,  the  occasional  turning 
over,  at  leisure  mumeuts,  of  thoso  cuupost  beape  which  contain 
coarse  material  would  seem  to  be  judiuiuua ;  but  the  process  would 
seem  to  be  open  to  adverse  criticism  as  regards  ordinary  heaps,  such, 
fur  example,  as  those  composed  of  peat  and  dung.  If  the  object  in 
forking  ovei  the  heap  is  merely  to  decompose  the  peat  somewliat 
more  thuroughly,  it  will  bo  well  to  count  the  cost  of  the  labor  iu- 
volved  before  much  of  that  kind  of  force  is  expended  for  what  is 
probably  a  comparatively  small  gfuu.  Even  if  it  be  admitted,  for 
the  sake  of  the  argument,  that  tbe  oompoet  is  decidedly  benefited 
by  being  worked  over,  it  may  still  be  urged  that  the  benefit  is  not 
commensurate  with  the  cost.  It  would  probably  be  far  mure  judi- 
cious, in  most  cases,  to  exjiend  the  labor  either  in  hauling  or  in  get- 
ting out  new  supplies  of  peat  or  of  sods,  and  in  establishiug  new 
heaps  of  compost,  rather  than  in  turning  over  the  old  heaps ;  pro- 
vided always  that  the  materials  of  the  heap  are  in  a  tolerably  finely 
divided  condition. 

yor  horticultural  purposes,  indeed,  it  may  often  be  well  to  turn 
over  a  heap  of  dung  or  of  compost  many  times  and  often,  in  order 
to  provide  delicate  food  for  some  cherished  plant.  But  in  agricul- 
ture the  methods  ars  coarser.  An  abundant  supply  of  tolerably 
crude  manure  will  usually  serve  tlie  farmer  a  better  purpose  than  a 
scanty  supply  of  manure  that  has  been  highly  reGned  ;  and  he  can 
nowadays  always  buy  a  little  nitrate  of  soda  or  of  an  ammonium  salt 
to  enliven  the  manure,  if  need  be. 

One  great  advantage  in  composts  is,  that  they  can  be  made  far 
from  liome.  Suppose^  for  example,  that  there  is  an  outlying  field 
that  needs  to  be  fertili^.  It  will  often  be  better  practice  to  get 
out  pond  mud,  or  peat,  or  soda,  at  the  locality  itself  and  haul 
thither  enongh  dung,  or  lime,  or  ashes,  to  compost  the  inert  mate- 
rials, than  it  would  be  to  haul  dung  enough  to  manure  the  entire 
field.  A  similar  remark  will  apply  to  home  fields,  which  an  not 
readily  acceasibla  at  certain  seasons, 

One  word  should  be  said  about  the  forking  up  of  great  heaps 
of  manure  in  tbe  spring  by  the  market  gardeners,  where  the  chief 
motive  seems  to  be  the  using  of  the  heat  of  fermentation.  When 
brought  to  the  cold  ground,  the  hot  manure  warms  it  considerably. 
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as  will  be  explained  ia  a  Bubeequeut  chapter,  and  so  insniea  a  better 
start  to  the  early  peas  or  other  vetfetables  that  are  to  be  grown  then. 
Horse  mauore  is  esteemed  for  tfaia  purpoae,  and  that  vhich  coutaiua 
straw  ia  held  to  be  better  than  that  whiuh  is  mixed  with  bu^;- 
meadow  ba;.  In  this  caw  the  gardeners  aie  reall;  seeking  tu  {jet 
a  feeble  form  of  bottom  heat,  such  as  ie  eeeu  at  its  beet  in  their 
hot-beds.  Twenty-five  cords  of  BQcb  manure  to  the  acre,  which  is 
a  not  oniuiial  application,  are  clearly  oompeteut  to  force  au  early 
crop,  both  by  virtue  of  the  heat  developed,  and  of  the  large  amount 
of  nitn^n  which  the  maniue  contains.  It  is  probable,  witbal,  that 
nitriJication  speedily  sets  in  where  the  land  has  thns  been  prepared 
and  warmed,  as  if  for  this  special  purpoae,  by  working  into  it  such 
large  qtiantitiee  of  niauuie. 


DBT  LOAU   HAT   INJURE   MAHUKB. 

Thus  far  it  has  been  argned  that  the  mixing  of  peat,  loam,  or 
straw  with  dung  is  in  the  mam  advantageous  as  a  means  of  pre- 
serving the  mannre,  provided  the  iniztnre  ia  kept  moist  and  cool, 
even  if  it  be  exposed  to  the  air.  But  there  is  another  side  to  this 
question  of  admixture,  for  it  is  known  that  when  dung  or  urine  is 
mixed  with  an  excess  of  dry  loam  or  dry  peat,  and  then  exposed  to 
the  Free  action  of  the  air  in  loose  heaps,  there  is  dant^r  that  a  good 
part  of  their  nitrogen  will  be  lost.  Indeed,  obeervations  are  not 
wanting  to  show  that  the  admixture  even  of  moist  loam  with  decay- 
ing organic  matters  does  not  always  hinder  the  loss  of  nitrogen. 

It  has  been  shown  by  Lanres  and  Gilbert,  by  Schloesing,  and  hy 
Armsby,  that  when  nitrogenous  organic  substances  undergo  decom- 
position in  presence  of  mncb  oxygen,  Isrpe  quantities  of  free  nitro- 
gen gas  may  be  evolved  from  the  materials.  Inasmuch  as  this  loss 
of  nitrogen  appean  to  depend  upon  some  process  of  oxidation,  the 
importance  of  hindering  free  oxygen  from  gaining  access  to  the  in- 
terior of  roaanre  heaps  is  apparent. 

Tht  Ojeidatioit  i»  txiuttd  hy  FermtwU. 

Accordiiq;  to  Pasteur's  tcHchings,  the  decompositions  now  in 
qneation  must  depend  upon  the  presence  of  aerobic  fonnentSi  which 
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serra  to  cany  ox;^;en  frou  the  air  to  the  coiutitiients  of  the  organik; 
matter,  and  to  "fix"  it  upon  them.  But  dry  earth,  or  aay  other 
porous  substance  which  can  promote  the  division  of  the  otganio 
material,  and  iucieaae  the  number  of  pointa  of  contact  betveen  it 
and  the  air,  must  &vor  the  moltiplioation  and  the  effective  working 
of  the  ferment. 

Am  lias  been  said  already,  under  Dung,  —  beside  pntrafaction 
proper,  and  the  anaerobic  femieutatioiui,  which  need  no  air  for  their 
completion,  —  there  are  processes  of  true  decay,  or  slow  couihustion, 
which,  though  due  like  the  others  to  the  action  of  microscopic  fer> 
mente,  are  characterized  bj  the  fact  that  sir  is  necessary  for  their 
progress.  It  is  the  so-called  aerobic  ferments  which  cause  the  de- 
cay of  manure  in  loose  heaps,  and  the  waste  of  humus  in  cultivated 
fields;  and  it  commonly  happens,  while  one  kind  of  fermentation 
may  be  going  on  at  the  centre  of  a  dung-heap  to  which  uo  air  has 
access,  that  decay  of  a  totally  dtfiereat  order  is  progressing  at  the 
surface  of  the  heap;  as  deeply,  that  is  to  say,  as  air  can  find  entrance 
to  the  materials. 

It  is  to  be  observed,  furthermore,  that  porous  substances,  such,  for 
example,  as  dry  earth,  or  chanxfol,  or,  better  yet,  spongy  platiuuni, 
may  exert  a  powerful  influence  upon  foul  gases  to  destroy  them. 

These  decomposing  actions  of  porous  bodies  are  well  shown  by  a 
common  lecture-room  experiment,  which  consists  in  covering  the 
body  of  a  rat  or  squirrel  with  a  little  heap  of  bone-charcoal,  and 
leaving  the  heap  undistnrbed  for  some  weekb  It  is  then  found 
that  Uie  putrescible  portions  of  the  animal  have  disi^>peared,  and 
that  little  or  nothing  of  him  is  left  but  bones  and  hair.  But  mean- 
while no  odor  has  been  perceived  to  arise  trom  the  heap  of  char- 
coal, excepting  a  very  faint  smell  of  ammonia.  So  long  as  any 
moisture  is  left  in  the  animal,  his  flesh  probably  decomposes  rapidly 
by  the  action  of  aerobic  ferments,  and  in  case  any  of  the  products 
of  the  decompoaitioti  are  oA'cnsive,  they  would  be  absorbed  and 
destroyed  by  the  porous  coaL 

There  appear  to  be  three  points  worthy  of  special  notice  in  re- 
spect to  this  so-called  disinfecting  action  of  cliarcoal ;  vii.  the  easy 
access  of  sir  to  the  organic  matter,  through  the  loose  particles  of 
the  coal,  whereby  the  activity  of  aerobic  ferments  is  promoted  ;  the 
power  of  the  coal  to  absorb  gases;  and  the  fact  that  the  gases  thus 
absorbed  react  chemically  upon  one  another.  The  chnrcoal  absorbs 
the  offensive  gases  into  its  pores,  together  with  air,  and  thus  forces 
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th«  oz^en  of  the  sir  into  anch  clooe  commanion  witb  the  gaua 
that  the  latter  are  burnt  up  and  deatrojed.  In  some  foreign  cities, 
■ieTes  of  charcottl  have  been  placed  acrosa  the  oir-Tenti  of  sewers  in 
Bach  maimer  that  the  outgoing  air  should  all  be  tilterecl  through  the 
ehanxwl,  and  bo  be  disinfected. 

It  is  to  be  noticed  that,  in  all  cases,  the  charcoal,  &r  from  exert- 
ing (tD7  preaervative  influence,  actually  hastens  the  decomposition 
of  the  o^nic  matter.  Its  action  waa  well  exemplified  in  the  case 
of  some  trout  caught  by  a  student  in  New  Hampahire,  sjid  pAcked 
in  charcoal  powder  there  to  "  preserve  "  them,  but  which,  on  being 
sent  express  to  his  friends  in  Boston,  were  received  bj  them  in  an 
advanced  stage  of  deoom position. 

As  a  matter  of  coarae,  dry  earth  vill  act  in  very  much  the  same 
way  as  charcoal,  though  to  a  less  d^ree.  The  habits  of  mankind 
with  i^ard  to  tiie  burying  of  dead  animals,  and  of  all  offensive 
matters,  well  iUostrate  this  point.  Doubtless  the  earth  msy  do 
good  service  by  destroyii^  offensive  gaseous  emanations  from  the 
putrefying  matters,  as  charcoal  does,  bat  it  must  often  happen  that 
buried  materials  will  be  simply  destroyed,  which,  by  proper  treat- 
ment»  might  have  been  saved  to  serve  as  fertilizers. 
DatnuHve  Foutr  of  Portnu  Marlh, 

To  repeat,  the  destructive  power  of  earth  is  mainly  a  consequence 
<rf  its  porosity.  The  drier  the  earth,  so  ranch  the  greater  wilt  its 
destructive  power  be,  for  in  moist  earth  most  of  the  pores  are  tilled, 
aod  stepped  up,  as  it  were,  with  water.  But  even  moist  earth  must 
exert  some  of  this  destraclive  power,  unless  it  be  tightly  compacted  ; 
and  in  most  manure  heapa  some  parts  of  the  heap  will  be  loose 
enough  and  iliy  enough  to  be  subject  to  more  or  leas  of  this  kind 
of  decay. 

It  is  an  admitted  &ct  in  natunl  philosophy,  that,  by  force  of  ad- 
hesion, every  solid  substance  exposed  to  the  atmosphere,  or  to  any 
other  gas,  is  covered  with  a  thin  film  or  coating  of  air,  or  of  the 
other  ga&  To  some  substances,  like  metallic  platinum,  gases  ad- 
here with  peculiar  force,  and  so  they  do  to  many  porous  bodies ; 
i.  e.  substances  whose  intersUces  present  a  large  snr&ce  iu  propor^ 
tion  to  their  bulk.  A  familiar  instance  of  ench  adhesion  is  seen 
in  the  clinging  of  tobacco  smoke  to  cnrbtins  and  other  woollen  arti- 
cles ;  and,  as  has  been  said,  more  or  less  carbonate  of  ammonia  may 
be  retained  by  the  soil  ia  this  way,  especially  by  clay.  (See  "  How 
Crops  Feed,"  p.  Si3.) 
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The  ail  or  other  gas  thus  held  u  a  film  upon  the  solid  sabetanoe 
must  evidently  be  very  much  compresaed  aa  compared  vith  attnos- 
pherio  air,  and  must  consequently  be  peculiarly  ready  to  act  or  to 
be  acted  upon  chemically.  Moreover,  air  thus  held  attached  to 
porous  bodies  may  serve  aa  a  resorvoir  or  source  of  supply  for  the 
aupport  of  microdeme^  even  in  the  midst  of  a  great  heap  of  inert 
materials. 

Perhaps  because  the  substances  experimented  upon  vary  so  widely 
in  respect  to  porosity,  it  is  not  easy  to  obtain  clear  conceptions  as 
to  the  limitations  of  these  &ct8,  ur  as  to  their  practical  importance 
in  respect  to  the  preservation  or  destruction  of  heaps  of  ordinary 
compost  or  dung.  For  instance,  there  is  an  experiment  by  Wolff, 
in  which  160  grams  of  finely  powdered  charcoal  were  packed  with 
cow  manure  is  a  cnbic-foot  box,  and  left  in  a  north  room  for  IS 
months.  The  mixture,  which  weighed  about  15,000  grains  at  first, 
hardly  lost  weight  any  more  rapidly  than  the  mere  manure  with 
which  it  was  contraatod,  and  it  contained  aa  much  nitrogen  as  the 
latter  at  the  close  of  the  experiment. 

" Sarthrdottt"  itatny  Jfaiuire. 

It  has  been  pretty  clearly  made  out  that  the  oxidinng  power  of 
dry  earth,  when  loose  or  not  tightly  packed,  is  a  matter  of  very 
grave  significance  in  its  bearings  upon  the  so-called  "earth-closet" 
system  of  disposing  of  humau  excrements.  In  this  system,  as  is 
well  known,  the  idea  is  to  cover  up  the  excrement  instantly  with 
dry  earth.  Sifted  garden  loam  is  best ;  clayey  loam  is  good ;  but 
fine  coal  ashes  will  do  very  well,  except  tlu^  they  an  lather  too 
dusty  for  comfort. 

There  is  provided,  in  place  of  the  fixtures  of  the  ordinary  water- 
closet,  a  somewhat  larger  set  of  pipes,  fur  the  transmission  of  pow- 
dery earth  instead  of  water,  and  these  pipes  are  connected  with  a 
reservoir  of  dry  earth  above.  Upon  opening  a  valve,  the  dry  earth 
flows  down  aa  if  it  wen  water,  and  passes  into  another  reservoir 
below,  whence  it  can  be  removed  ftom  time  to  time,  as  occasion  may 
require. 

When  bnnian  excrements  are  thus  covered  with  fine  dry  earth, 
their  odor  at  once  ceases  to  be  perceptible,  and  no  further  annoyance 
can  arise  from  them.  All  fermentation,  in  the  ordinary  meaning  of 
the  term,  is  prevented,  and  the  excrement  is  deodorized  so  com- 
pletely, that  one  and  the  same  barrel  of  earth  may  be  used  over  and 
over  ^ain,  and  finally  carted  away  without  offence,  precisely  as  if 
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it  wen  m€TB  lofttn  or  ashee,  since,  except  for  aaiiBpicion  of  ammonia, 
It  haa  no  odor  other  than  that  of  earth.  Except  for  the  trouble  of 
keeping  up  the  supply  of  dry  earth,  it  would  be  difficult  to  ny  too 
much  in  &vot  of  this  syatem.  Aa  a  eanitaiy  device,  it  haa  very 
great  merit,  and  is  doubtless  the  next  best  system  to  that  of  water- 
doeeta  which,  has  yet  been  devised. 

It  was  thought  at  one  time  that  the  general  adoption  of  earth- 
closeta  in  villages  and  small  towns  would  be  a  distinct  gain  for 
agriculture ;  for,  even  if  tt  were  admitted  that  tbe  system  is  imper' 
feet  as  a  means  of  preserving  manure,  it  was  believed  that  it  most 
still  be  vastly  better  than  the  methods  in  oommon  use.  Hence 
it  woa  supposed  that  an  enormous  amount  of  fertilinng  material  that 
BOW  goes  to  waste  would  probably  be  saved. 

But  it  is  plain  from  what  has  been  said  already  of  the  powers  of 
dry  earth,  that  the  earth-cloaet  must  be  a  very  imperfect  device  for 
saving  manure,  both  because  so  la^  an  amount  of  earth  has  to  be 
used  in  older  thoroughly  to  absorb  the  liquid  portion  of  the  manure, 
and  because  of  tiie  tendency  of  microdemes  in  the  earth  to  bum  up 
and  destroy  the  dung.  In  poiut  of  fact,  it  has  been  found  that  the 
amount  of  nitrogen  retained  by  the  earth  is  but  inconudenible,  even 
when  the  earth  has  been  repeatedly  need. 

Yoelcksr  found  in  loam  which  hod  been  used  fbnr  times  in  an 
Mith-closet,  and  dried  by  fire  heat  each  time  after  use,  no  more  tlian 
0.39%  of  nitrogen,  lJ%of  bone  phosphate  of  lime,  and  1^%  of  potash. 
At  anothei  time  he  analyzed  loam  of  a  somewhat  different  character 
that  hod  been  used  five  times  in  the  closet,  and  dried  by  fire  heat 
four  times,  and  finally  been  allowed  to  dry  in  the  ur  after  the  fifth 
use.  This  material  contained  0.41%  nitrogen,  1%  bone- phosphate  of 
lime,  and  0.66%  potash.  No  nitrates  could  be  detected  in  either  of 
these  samples. 

Yet  again,  he  analyzed  materials  from  a  prison  at  Wakefield,  and 
obtained  the  results  set  forth  in  the  table.  For  the  sake  of  ready 
oomparison,  all  the  figures  are  calculated  for  earth  dried  at  212". 

^         .  .  ■        ,        ,  Birth  l>*-       lulh  Bun  Xuth 

Organic  matter  and  water  of  con-  bn  Um.     dwm  uwd.    talo*  oHd.  thric»  n*^ 

sUtntiDu e.se        g.TO         ii.ss        12.22 

Alumina  and  ozids  of  iron  .     .     .     12.S5  16.15  14.11  12.48 

Pboqiboric  add 0.18  0.2S  0.44  O.Sl 

"•P"-!- I  1«  2.«S  i    "■"  *>■" 

Albilion  Md  loss J  1    0.73  0.74 

luolable,  cUy  uid  snd    .    .    .  71.99  68.9S  70.80  71.01 

nitrageD 0.81  0.37  0.43  0.61 

DcmizedbvGoOQlc 


30  AOBICULTURE. 

The  original  earth  was  a  clayej  gaiden  loam,  that  oontaioed  irhen 
read/  for  use  10%  of  moisture.  The  lued  earths  contained  iram  13 
to  22%  of  moisture,  according  to  the  state  of  the  weather. 

It  will  be  Been  from  the  table  that  there  is  only  a  very  small  in- 
orease  iu  the  proportion  of  nitrc^n  each  time  the  earth  is  naed. 
The  increase  of  phoephorio  acid,  though  larger  than  that  of  the 
nitrogen,  is  still  smalL  A  ton  of  the  tbrice-iued  earth  would  hardly 
contain  10  lb.  of  phoephorio  acid.  The  once-tised  earth  contained 
only  0.06%  more  nitrogen  and  0.07%  more  pboaphoriu  acid  than  the 
original  loam. 

In  experiments  Tipon  a  somewhat  different  plan,  made  by  Dr. 
Gilbert,  14  cwt.  of  airdried  clayey  loam  were  sifted  and  put  aside 
for  use.  When  from  ^  to  |  of  this  store  had  been  used,  it  was 
necessary  to  empty  the  pit.  The  mass  was  fonnd  to  be  uniformly 
luoitt  throughout,  though  neither  feecal  matter  nor  paper  could  be 
seen  in  it.  This  once-used  earth  vaa  spread  upon  the  floor  of  k 
shed  to  dry,  and  Troa  then  reatfted  and  agnin  passed  through  the 
closet.     Analysis  of  the  materials  gave  the  foUowiug  results  :  — 

BdOn  Om.   One*  nicd.   Twioa  md. 
Hoiitnra  axpelled  at   212°  F.   from  ths  ilr- 

dried,  lifted  aoll 8.410         9.970         7.710 

Far  orot  arnltrogrD  in  sir-dried,  nlled  nil   ,     O.OflT  0.216         0.3S8 

Per  CCDt  of  nitrogen  In  soil  dried  kt  S12°  .     .     0.073         0.210         0.3U 

Ab  Dr.  Gilbert  has  observed,  the  twice-used  soil  is  no  better  than 
good  garden  loam.  It  could  not  bear  the  coat  of  carriage,  except  to 
a  very  short  distance.  It  would  appear,  nevertheless,  from  English 
experience,  that  whan  the  closets  are  fed  with  garden  loam,  and  the 
used  earth  is  immediately  applied  as  a  fertilizer,  crops  may  derive 
some  benefit  from  it  When  applied  at  tlie  rate  of  from  half  a  ton 
to  a  ton  to  the  acre,  it  is  said  to  have  been  beneficial  to  grass-land, 
potatoes,  onions,  and  other  veKctablee. 

In  this  country.  Colonel  Waring,  at  Newport,  purposely  kept  a 
couple  of  tons  of  the  dry  earth  for  a  number  of  years,  and  had  it 
used  over  and  over  again,  in  order  to  Bee  how  often  it  could  be  naed 
without  losing  ita  efGciency.  The  material  consisted  of  a  mixture 
of  about  I  part  loam  and  3  parts  coal  ashes.  The  closets  were  filled 
about  G  times  a  year,  and  when  the  vaults  were  emptied,  the  earth 
was  thrown  into  a  heap  in  a  well-ventilated  cellar  to  dry.  Waring 
states  that  the  material  which  he  sent  to  be  analyzed  must  have  been 
used  at  least  ten  times,  and  that  it  was  the  same  to  all  oatwatd 


jbvGooglc 


THE  EABTH-CL08ST.  31 

nppearanoe  then  as  it  bad  been  ic  the  beguming.  It  had  no  odor, 
Bod  it  looked  and  felt  tha  aaine  aa  at  first,  aod  it  eeemed  to  be  jiut 
as  effi(.-ient  in  the  cloaet  aa  ever. 

From  Professor  Atwatet's  aualysia  of  this  teD-times-OBed  material 
it  appears  that  it  contained  1.31%  of  moisture,  10.72%  of  oiganio 
and  volatile  matten,  0.37%  of  phoaphoric  acid,  and  0.2tj%  of  nitro- 
gen. Whence  it  appean  that,  excepting  a  slight  gaiu  in  respect  to 
phoephoric  acid,  the  material  had  not  been  practically  improved  by 
its  tenfold  uae.  Neither  tha  duiig  nor  the  urine  with  which  the 
earth  and  ashes  had  been  so  often  charged  had  mode  much  impiea- 
sion  upon  it 

Waring  urges  that  the  amounts  of  these  foreign  matters  added  to 
the  earth  were  by  no  means  slight.  Ho  computes  that  the  Qss  to 
which  the  oloeeta  were  put  was  equal  to  that  of  four  odalts  for  six 
je«n ;  and  since  an  adult  voids  23  lb.  of  dry  matter  per  year  in  the 
f»ces  and  31  lb.  of  dry  matter  iu  the  urine,  —  of  which  last  he  admits 
tltat  one  third  went  into  the  closets, —  there  would  be  about  34  lb. 
of  dry  manure  go  into  the  closets  every  year  for  each  person,  ex- 
cluding paper  from  the  account.  Hence  the  four  people  in  six  yean 
would  yield  over  800  lb.  of  dry  solid  manure,  contoiniug  moi«  than 
230  lb.  of  nitrogen. 

From  the  analysis,  it  appears  that  Waring's  two  tons  of  material 
contained  only  about  400  lb.  of  organic  and  volatile  matters,  some 
of  which  was  undoubtedly  "  water  of  constitution  "  that  would  not 
go  off  at  212°,  and  it  is  to  be  inferred  that  a  considerable  proportion 
of  this  organic  matter  was  already  contained  in  the  earth  at  the 
beginning.  Atwater's  analysis  shows  only  11  lb.  of  nitrogen  in  the 
2  tons  of  Waring's  used  earth,  which  is  no  more  thou  was  contained 
iu  2  tons  of  the  fresh  earth  (garden  loam)  analyzed  by  Voelcker. 
It  would  appear  that,  practically  speaking,  in  this  case  nearly  all 
the  oiganio  matters  of  the  excrement  and  the  paper  most  have  been 
burnt  up  and  destroyed. 

Profeesor  Johnson  assures  me  that  he  too  mode  analyaea  of  used 
earth  from  Waring's  cloeeta  some  yean  earlier,  and  that  tlie  resutts 
were  similar  to  Atwater's.  They  aeemed  so  extraordinary,  that 
Waring  could  not  bring  himself  at  that  time  to  publish  them.  Of 
course,  the  results  as  now  stated  are  all  the  more  sinking,  inasmuch 
■s  they  relate  to  a  longer  term  of  years. 

Thia  palpable  deatniction  of  manure  by  dry  earth  is  likely  to  cast 
discredit  npon  one  at  least  of  the  instances  where  loom  is  used  Ua 
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bedding  animals.  It  was  formerly  thought  that,  for  iheep,  bedding 
with  loom  must  certainly  be  a  commendable  practice,  since,  in  view 
of  the  comparative  dryness  of  the  excrements,  then  is  much  leas 
risk  than  there  is  with  cows  of  the  animals  being  nnduly  soiled  by 
contact  with  the  eartb  whenever  it  happens  to  be  moisteued.  But, 
as  has  just  been  stated,  there  is  good  reason  to  believe  that  this  very 
dryness  is  a  aouice  of  danger  for  the  manure. 
CompotU  of  Night-toil. 

In  connection  with  the  subject  of  the  earth-doeet,  it  needs  to  be 
■aid,  that  some  of  the  best  of  the  agricultural  methods  of  treating 
iiight-soil  have  little  or  nothing  in  common  with  the  use  of  dry 
earth.  They  are  really  systems  of  compostiDg  with  peat,  or  loam, 
or  sods.  Either  layers  of  peat  thick  enough  to  absorb  tiie  aiine 
are  freqnentty  shovelled  into  a  shallow  vault,  which  has  been  con- 
structed BO  as  to  &cilitate  the  addition  of  the  peat  and  the  removal 
of  the  mixture,  or  a  considerable  exceaa  of  peat  is  strewn  at  intei^ 
vals  upon  the  contents  of  an  ordimiTy  vault,  and,  as  often  as  occasion 
may  raquire,  the  mixture  is  hauled  out  and  thrown  up  into  compact 
heaps.  These  heaps  are  bottomed  with  peat,  and  loosely  covered 
with  it  also,  and  are  then  left  to  ferment. 

This  method  of  procedure,  there  is  small  need  to  remark,  differs 
essentially  from  the  dry-earth  system.  It  is  nothing  more  than  a 
particular  instance  of  the  ordiaary  method  of  composting.  The 
excrement  serves  as  a  basis  for  fermentations  by  virtue  of  which  the 
inert  matters  in  the  peat  are  decompoaed  and  converted  into  new 
compounds  6t  for  the  nourishment  of  plants.  Meanwhile  the  anti- 
septic peat  hinders  for  a  time  ths  dnng  from  passing  into  wasteful 
forms  of  fermentation. 

It  is  worthy  of  remark,  that,  in  the  country,  vanlts  an  objeo- 
tionable,  unless  indeed  they  are  very  shallow.  Not  only  may  they 
readily  become  sources  of  disease,  but  the  process  of  cleaning  tbem 
out  is  always  a  highly  disagreeable  task,  and  sometimes  actually 
dangerous.  Doubtless  a  la^  part  of  the  prqudioe  which  exists 
agtunst  the  use  of  night-soil  is  to  be  credited  to  ths  horrible  stench 
which  aroee  from  the  old-fashioned  vaults  whenever  their  contents 
were  disturbed. 

Mahodt  of  Deeding  with  Night-toil. 

One  way  of  handling  the  mixture  of  peat  and  night-soil  above 
mentioned  is  to  have  the  receptacle  consist  of  a  box  or  tub,  — an 
old  cart-body,  for  example, — set  on  a  stone-boat  or  drag,  so  that  it 
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nwy  be  hauled  into  the  field  without  offeuoe,  and  there  be  capsized 
with  haadepikea.  It  ia  stiU  true  of  aoch  compost,  that  ita  odor  ia 
Tiku  Hence  good  judgment  ahoold  be  exerciaed  aa  to  the  timea  at 
which  to  move  it,  and  the  fields  upon  which  to  put  it.  In  anf 
svent,  it  ia  well  to  plough  u^ht-aoil  or  blood  compoata  ondei  aa  aoon 
BB  may  be  convenient. 

Considerable  quantitiea  of  night-soil  are  atill  hauled  out  from 
Bome  parta  of  Bueton,  in  the  form  of  a  thick  muddy  liquor,  to  be 
oaad  aa  manure.  Forty  or  fifty  yeara  ago,  when  the  employment  of 
this  material  waa  more  common,  or  at  the  least  more  conspicuoua, 
than  it  ia  now,  the  plan  waa  aometimea  adopted  of  allowing  the 
liquid  to  ma  out  upon  the  laud  to  be  cultivated,  where  it  aoaked 
into  the  soil,  and  waa  aubaequently  worked  in  hj  prooeaoea  of 
ploughing  and  harromn^  But  a  more  common  plan  was  to  pro- 
pare  a  compost  bed  at  the  edge  of  the  field,  by  ploughing  up  a 
patch  some  twenty  or  thirty  feet  in  diameter  and  making  a  rim  of 
earth  a  foot  or  so  high  around  it.  The  night-aoil  was  allowed  to  flow 
into  and  fill  this  basin,  where  much  of  it  soaked  into  the  earthen 
floor  and  eome  part  of  the  water  evaporated. 

Loam,  or  well-pulverized  peat  that  had  been  exposed  to  the  air 
for  a  year  or  two,  was  then  thrown  npon  the  surface  of  the  mud, 
together  with  plaster,  of  Paris  in  many  instances,  and  when  the 
matter  waa  dry  enoogh  to  handle  it  was  forked  over,  sometimes 
twice,  as  a  preparation  for  its  distribution  upon  the  fields.  The 
&miere  who  made  these  composts  preferred  them  to  freeh  night-auil, 
and  found  that  they  did  good  service.  Probably  large  quantities 
of  nitrates  were  contained  in  the  finished  products.  The  use  of 
plaster  in  this  caoe  seems  commendable. 

One  method  of  applying  night-aoil,  in  use  in  Eorope,  is  to  scoop 
out,  at  appropriate  distances  from  one  another  in  the  field  to  be 
roaiiuiod,  a  number  of  shallow  holes  or  cups  two  or  three  feet  in 
diameter,  to  run  the  liquid  night-soil  into  these  holes,  and  to  throw 
it  from  them  upon  the  surrace  of  the  land. 

Seal  Danger  of  Nigkl-ioti. 

It  was  thought  formerly  that  various  chemical  substances  preju- 
dicial to  health  are  liable  to  be  produced  by  the  decay  of  human 
excrements,  and  that  the  dangers  which  are  known  to  arise  from 
keeping  excrements  stored  in  vaults,  or  from  allowing  them  to  soak 
into  the  earth  aronnd  dwelling-houses,  must  be  attributed  to  this 
canae.  Nowadaya  nther  lesa  importance  is  attached  to  this  old 
VOL.  IL  —  8  .       .    .  - 
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concfpUon,  althougb  it  is  atiU  recognized  tluit  then  maj  be  Bome* 
thiug  of  tnitb  in  it.  Perbepa  it  is  only  nnder  quite  exeeption&L 
conditions  that  any  serious  danger  to  health  can  uiae  from  the 
chemical  prodncta  of  decaying  night-soil. 

The  real  troable  seems  to  be,  that  excremeuta  do  at  times  serro 
as  the  home  and  breeding  place  of  certain  microscopic  organisms, 
one  or  another  of  which  may  cause  a  particular  disease,  —  such,  fur 
example,  as  dysentery,  typhoid  fever,  cholera,  or  diphtheria.  It  is 
only  when  the  special  microdeme  which  occasions  one  of  these  dis- 
eases is  present  in  the  night-soil,  or  in  the  earth  or  water  into 
which  night«oil  has  soaked,  that  there  is  any  great  danger  in 
having  it  sboat>  Kevertheless,  it  may  often  happen  that  night- 
soil  will  contain  less  noxious,  though  still  hurtful  organisms,  such 
as  might  occasion  diarrhcea,  or  cause  infiammation  to  set  in  upon 
any  trifling  cut,  or  scratcli,  or  abrasion  of  the  skin,  with  which 
a  little  of  the  night-soil,  or  emanations  ftom  it,  may  have  come 
in  contact.  All  thb  beside  the  depressing  efiect  of  the  offensive 
odor,  which,  for  some  organizations,  might  be  sufficient  to  predis- 
pose the  system  to  disease.  (See  subsequent  chapters  foe  Night- 
soil  and  Sewage.) 

C^mpottt  regarded  ai  Saturated  Eartkt. 

There  is  still  another  way  of  looking  at  composts  beside  those 
already  described,  and  it  is  the  usual  method  of  regarding  t^eni ; 
namely,  as  "earths  saturated  with  easily  assimilable  plant-food." 
There  us  plenty  of  cases  where  the  crop  will  succeed  better  when 
treated  with  such  saturated  earth  than  if  it  were  dressed  with  clear 
dung.  Take  the  case  of  "dunging  in  the  hill,"  for  example;  it 
will  manifestly  be  better  to  have  a  shovelful  of  compost  left  in 
contact  with  the  seed  than  a  moss  of  dnng.  For  fresh  dung  might 
rot  the  seed,  and  hot  manure  would  be  likely  to  "  bum  "  it,  as  the 
term  is.  Moreover,  crops  like  beets  and  potatoes  hare  no  such 
powerful  roots  when  young  that  they  can  afford  to  search  for  their 
food  at  great  distances.  They  do  best  when  a  "  saturated  earth  ** 
is  supplied  to  them  in  the  beginning  close  at  band. 

Agun,  for  top-dressing  mowing-fields  and  pasturea,  the  saturated 
earth  is  specially  well  fitted.  There  are  some  soils  withal,  such  as 
dry  sands,  where  dung  does  not  decompose  advantageously,  and  it  is 
precisely  on  such  soils  that  the  saturated  earth  does  most  efficient 
service.  But,  as  hardly  needs  to  be  said,  this  saturated  earth  theory 
is  taken  somewhat  after  the  fiuA.     It  concerns  itself  with  the  ttses 
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to  which  the  piodnct  is  to  be  pat,  nther  tlun  with  the  identifio 
explanation  of  the  mode  of  manufactuTe. 

CompoUt  are  rtailg  Earth*  charged  ttith  Jiierodema. 

In  the  light  of  existing  knowledge,  it  it  more  reaaonable  to  con- 
sider composts  u  earths  charged  with  microecopic  organisms,  sach 
as  bring  soils  into  a  good  state  of  fennentatioo  and  help  to  increase 
feitilitf  either  hj  changing  iuto  new  forms  matten  which  are  al- 
ready oontained  in  the  soil,  or  by  working  to  fix  free  nitrogen  from 
the  air.  In  order  to  gnap  this  conception  clearlj,  the  studeot  will 
do  well  to  contrast  ripe  compost  with  crude  and  borren  earth,  such 
aa  may  often  be  seen  upon  the  sides  of  ttitches,  roads,  and  railways 
wlieie  banks  have  been  cut  through.  Earth  thus  laid  bare  may  re- 
main sterile  aven  for  several  yean  after  the  excavations  are  made  ; 
and  the  inference  is,  that  it  does  not  contain  the  organisms  which 
piumote  fertility.  In  the  absence  of  these  oTganisms,  no  proper 
fermentation  can  occur,  and  the  earth  remains  infertila  But  by 
strewing  a  good  compost  upon  such  land  it  would  not  be  difficult  to 
CBtabhsh  v^^tation  upon  it,  especially  if  pains  were  taken  that  the 
slope  should  not  be  too  steep,  and  if  a  furrow  were  drawn  upon  the 
land  at  the  upper  edge  of  the  slope  to  lead  away  rain-water,  and  so 
prevent  the  slope  from  being  washed  and  gullied. 
Phoiphatic  Compott. 

In  cue  a  eompost  were  to  be  applied  to  a  nmt  crop,  there  can  be 
little  doubt  that  it  would  be  well  to  have  some  phosphate  inoorpo- 
isted  with  it  during  the  process  of  preparation,  such  as  bone-black, 
or  bone-ash,  or  ground  phospbatic  guano,  ot  one  of  the  better  kinds 
of  ground  phosphate  rock  (L&  "floats,"  so  called).  Experience 
teaches  withal,  that  precipitated  phosphate  of  lime  ie  an  excellent 
application  for  root  crops,  and  it  seems  plain  that  one  good  way  of 
applying  it  will  be  in  the  form  of  composL 

It  ie  a  very  interesting  question  anyway  whether  bone-ash  or 
bone-black  can  be  much  acted  upon  either  by  the  acids  naturally 
contained  in  peat,  or  by  the  oarbotuo  acid  which  results  from  the 
decay  of  oiganio  matter.  Many  experiments  have  been  mode  of 
late  yean  to  test  this  point,  and  it  is  a  subject  well  worthy  the 
attention  of  farmers  in  poor  countries. 

It  may  fairly  enough  be  inferred  that  sour  peat  admixed  with 
bone-black,  and  kept  moist,  will  combine  therewith  to  the  neutrali- 
latioii  of  its  own  acidity  and  the  improvement  of  the  phosphate. 
The  idea  is  similar  to  that  which  justifisa  the  use  of  booe-ssb  or 
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l>oii»4)lack  on  the  TecUimed  graTelled  meadovs  of  North  Germany. 
Gueria  reported  in  18ISS  an  instsncs  where,  by  the  application  of 
bone-black  alone,  lye  waa  grovn  with  gnat  success,  for  seven  cod- 
eecutive  yean,  on  land  so  sour  that  it  had  been  r^arded  as  unpro- 
ductive before  the  application  of  the  phosphate.  Peravian  guano, 
of  equal  money  value  vith  the  bone-btack,  applied  for  tbe  sake  of 
comparison  to  another  paicel  of  the  land,  (ailed  to  bring  a  crop 
of  rye,  since  the  plants  all  ran  to  leaf.  It  seems  probable,  in  thin 
instance,  thai,  beside  the  direct  chemical  action  of  some  of  the  con- 
stituents bf  the  bone-black  to  Deutralize  the  humic  acids,  fermenta- 
tions may  have  been  induced  by  the  presence  of  the  phosphate, 
whose  products  would  serve  in  their  turn  to  neuttolire  the  acidity 
of  the  aoil,  as  wall  as  to  promote  the  growth  of  the  crop. 


CHAPTER    Iir. 

MODES  OF  APPLYING   HAKUBE. 

With  regiird  to  the  methods  of  applying  manure  to  the  soil,  it  is 
extremely  difficult  to  lay  down  genual  rules  applicable  for  all  cases. 
But  there  are  still  some  things  which  may  be  said.  It  is  easy,  fur 
example,  to  object  to  a  syatem  which  prevtuls  somewhat  in  the 
vicinity  of  Boston  upon  gentlemen's  estates,  of  spreading  farmyard 
manure  upon  the  surface  of  lawns  in  late  autumn  or  early  winter, 
in  such  positions  that  some  part  of  the  goodness  of  the  manure 
must  be  washed  away  by  every  rain  that  falls  upon  the  &ozen 
ground. 

The  objection  here  is  simply  from  the  chemist's  point  of  view. 
It  may  be  possible,  perhaps,  that  the  habit  has  its  advantagee,  both 
ae  a  means  of  maintaining  a  thick  xtand  of  grass  and  of  saving  labor, 
though  the  probabilities  are  that  it  has  been  imported  from  a  mild 
European  climate,  and  applied  here  thoughtlessly.  It  seems  but 
reasonable  to  maintain  that  winter  top-dressing  should  be  leatricted 
to  level  fields,  for  both  run  and  melted  snow  must  sweep  mannre 
from  tioiea  hillsides  before  its  constituents  can  have  had  any  ^r 
chance  to  soak  into  the  earth. 
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Sprtading  Fre*h  Manurt. 

Tbe  practice  of  carting  out  fneh  manure  fioiiL  tbe  bamyud  aa 
fost  aa  it  u  nudfl,  and  spreading  it  directly  upon  the  Gelds,  even  in 
winter,  liaa  firequantly  been  advocated  abroad,  and  baa  been  com- 
mended by  several  good  &rniere  avea  iu  New  England,  though  it 
la&y  be  doubted  if  they  were  hill  men.  The  chief  gain,  no  donbt, 
is  in  tbe  saving  of  labor.  ludeed,  it  can  well  happen  that  the 
farmer  may  find  so  mnch  advantage  in  having  hia  teams  and  men 
haul  ont  and  spread  manure  at  an  idle  season,  in  order  that  they 
may  be  free  for  other  work  when  it  preaMS,  that  be  can  afford  to 
put  up  with  considembla  loasea  of  manure  in  tbe  field,  no  matter 
whether  they  be  cauaed  by  sweeping  raina  or  by  hurtful  fermenta- 
tioua.  It  muat  be  remembered  withal,  that  the  manura  would  have 
probably  aufiered  some  loaa  anyway,  avea  if  it  had  been  left  in  the 
barnyard. 

The  spreading  of  short  manure  upon  graaa  in  tbe  spring,  or  in 
the  aatRmn  even,  is  no  doubt  commendable  in  many  situations,  aa 
a  means  of  maintaining  the  fielJ  in  good  case;  and,  aa  haa  already 
been  insisted,  the  surface  spreading  of  manure  in  temperate  cli- 
mates, like  that  of  England,  may  be  really  advantageous,  even  in 
winter,  since  the  un&ozen  ground  absorbs  much  of  tbe  goodness  of 
the  manure. 

Chemista  are  prone  to  believe  that  the  formation  of  nitrates  fkim 
tbe  nitrogen  compounds  of  the  manure  will  be  promoted  by  aurfaca 
apreading,  and  that  thsse  snbstancea  may  remain  inert  and  unacted 
upon  when  buried  in  a  aoil  of  close  texture. 

One  objection  to  the  system  of  snrfaoe  apreading,  tnie  especially 
of  light,  leacby  aoila,  is  that  tbe  non-aolnble  portions  of  the  mannre, 
aa  they  lie  upon  the  surface  of  the  ground,  are  liable  to  dry  out  to 
a  peatlike  substanoe,  which  probably  exerts  very  little,  if  any,  use- 
ful effect  upon  the  growth  of  crops. 

Sett  Dqith  to  bwtf  Manure. 

It  KHfoat  plain  that,  ne  a  general  rule,  manure  should  be  buried 
to  such  a  depth  that  it  may  be  kept  damp  by  the  capillary  and 
hygroscopic  moisture  of  the  soil ;  while,  at  tbe  same  time,  it  should 
not  be  buried  so  deeply  that  air  cannot  gain  access  to  it  Both 
these  considerations  naturally  point  to  the  conclusion  that  it  will 
usually  be  proper  to  bury  manure  deeper  on  light  land  than  on 
heavy  land,  though  tbe  depth  will  necessarily  vary  in  different  in- 
atancea,  according  to  tbe  climate  and  the  lelatioa  of  tbe  soil  to  the 
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ground-water.  It  might  well  be  modified  accordingty  u  the  eeason 
was  wet  or  dry,  if  ttie  event  could  but  be  predicted.  It  may  often 
happen  that  a  summer  shower  will  moisten  the  surface  soil  suffi- 
ciently to  thoroughly  soak  the  manure  there  situated,  while  only 
the  beary  rains  of  autumn  or  spring  might  reach  manure  that  had 
been  deeply  buried. 

For  oliuiMt  every  kind  of  crop,  moreover,  there  will  be  some  one 
depth  of  burying  the  manure  which  will  be  better  suited,  ou  the 
whole,  than  any  other  for  that  special  crop  ;  for  the  roots  of  different 
kiuds  of  plants  are  very  unlike,  both  as  regards  their  bulk  or  quan- 
tity, and  their  behavior  or  require  men  ts.  Most  of  the  grainy  fur 
instance,  send  out  feeding  roots  in  all  directions,  and  eo  do  the 
different  kinds  of  clover.  With  carrots  and  parsnips,  or  lucerne, 
for  example,  there  will  be  little  risk  of  burying  manure  too  deeply. 

It  would  bo  well  for  every  farmer  to  determine  some  of  these 
points  once  for  all  for  his  own  soil,  by  dividing  the  fields  into  frac- 
tions, and  burying  portions  of  the  manure  at  different  depths  upon 
the  several  fractions. 

£xperime7Ui  o»  bwj/inff  Maitmr. 

Then  is  an  interesting  series  of  experiments  bearing  npon  this 
Qpint,  which  were  made  under  the  auspices  of  the  Massachusetts 
Society  for  Promoting  Agriculture,  some  years  since.  The  idea  was 
tn  divide  a  field  into  five  equal  parts  for  a  rotation  of  three  yean. 
Four  of  the  plots  were  manured,  hut  the  fifth  was  not. 

The  manure  on  the  first  plot  was  ploughed  in  to  a  depth  of  eight 
inohee ;  that  on  the  second  plot  to  a  depth  of  four  inches ;  and  that 
on  the  tliird  plot  was  merely  harrowed  in,  while  npon  the  fourth 
plot  the  Diannre  was  spread  upon  the  surface  of  the  ground.  The 
results  of  the  experiments  have  been  published,  and  are  well  wor- 
thy of  being  carefully  studied,  though  they  teach  no  precise  Ipsson. 
Doubtless  each  one  of  these  experiments  —  and  they  were  made  by 
difibrent  formers  scattered  throughout  the  State  —  must  have  been 
exceedingly  valuable  to  the  person  on  whose  land  it  was  made,  as 
well  ae  to  those  neighbora  who  happened  to  have  land  similarly 


In  these  experiments  it  appears  that,  in  general,  deep  ploi^hing 
(8  in.)  answered  beat  for  grain,  while  Indian  com  profited  most  from 
the  manure  that  was  merely  harrowed  in.  Hay  did  beet  with  ma- 
nure buried  toot  inches ;  and,  on  the  whole,  so  for,  be  it  well  un- 
derstood, as  these  sxperimentB  go,  this  depth  of  four  inches  would 
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■eem  to  be  the  beet,  in  caae  the  fkrmet  w«re  to  be  compelled  to 
confine  himself  to  any  one  depth  for  all  crops  and  soili.  Next  to 
4  iu.,  the  depth  obtainable  bj  harrowing  waa  found  to  be  beat  on  the 
whole.  In  the  column  of  final  averages,  very  little  can  be  found  in 
&vor  either  of  deep  ploughing  or  of  top-dreaaing.  Even  with  gnauo 
top-dressing  has  been  found  iuferior  to  ploughing  under. 

It  ifl  noteworthy  in  tlieee  experimenta  that  the  character  of  the 
crop  seems  to  hare  had  &r  more  influence  upon  the  reanlts  than 
the  character  of  the  soil.  For  grain,  however,  the  deep-buiied 
manure  did  beet,  upon  the  whole,  on  the  heavy  soils;  while  upon 
the  light  soils  the  shallow-buried  manure  did  better  than  the  deeply 
buried.  Uanifestly,  the  results  are  complicated  by  the  qnestion 
whether  the  ploughing  may  not  hare  done  good  in  itself.  In  a  few 
inatances,  the  manure  which  was  spread  upon  the  surbce  of  the  light 
soil  did  beat  of  alt. 

In  judging  of  any  such  experiments  as  these,  the  operator  will 
need  to  riew  the  field  with  knowledge.  That  ia  to  say,  knowledge 
aa  to  the  position  of  the  ground-water  and  as  to  the  capillary  condi- 
tion of  the  soil,  aa  well  as  of  its  power  of  holding  rain-water.  He 
'will  naturally  notice  aim  the  chemical  character  of  the  humus,  and 
whether  or  not  the  conditions  are  favorable  for  nitrification. 
Jfamtn  ihauid  be  tetU  worhal  in. 

No  matter  at  what  depth  manure  is  to  be  buried,  it  is  of  impor- 
tance to  secure  an  equable  distribution  and  diasemination  of  it  in 
the  soil  in  order  that  all  the  plants  in  the  field  may  be  equally  well 
fed  and  an  even  stand  of  the  crop  secured.  Moreover,  it  is  a  matter 
of  &miliar  observation,  that,  when  a  lump  of  manure  of  any  conaid- 
etable  size  is  buried  in  the  earth,  it  is  apt  to  remain  undecomposed 
for  a  long  while,  and  to  be  found  aa  a  lump  perhaps  even  years 
afterward.  It  is  to  aroid  this  result  that  farmers  take  so  much 
trouble  to  foi^  orer  manure  repeatedly,  and  to  use  it  whenever 
possible  in  a  well-rotted,  "short"  condition.  Various  improved 
harrows,  of  recent  invention,  aie  valuable  aids  for  working  mannre 
into  the  soil  evenly  and  efibctively. 

JfuMvre  may  fermtxt  the  Soil. 

Beside  the  mun  points  of  placing  the  mannre  where  it  can  be 
got  at  by  the  roots  of  plante  and  kept  moist  for  their  sake,  there 
are  some  other  conaideiations  of  a  chemical  nature  which  bear  upon 
the  question  of  burying  manure.  Doubtless  it  often  happens  that 
farmyard  maaun,  and  other  anbatancea  rich  in  organie  matter,  may 
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do  good  work  by  bringiog  about  quick  fermentation  in  the  matten 
of  which  the  soil  is  composed,  whereby  the  inert  nitn^n  of  thtt 
bumuB,  as  well  as  various  inorganic  eubatances,  are  deeompoaed  and 
made  available  for  the  plant.  But  in  order  to  affect  this  kind  of 
fermentation,  the  manure  miiat  at  the  least  be  covered  by  the  soiL 
Upon  light  land,  in  a  dry  season,  the  maour«  would  have  to  be 
buried  tolerably  deep,  in  order  that  it  shall  not  dry  up  and  be  powers 
lees  to  induce  the  fermentations  now  in  question.  Here,  by  the  way, 
is  a  capital  distinction  to  be  made  between  manure,  properly  so 
called,  and  compost.  Composts  cannot  be  expected  to  exdte  active 
putrefactive  fermentation  in  the  soil,  such  as  dung  would  excite. 

On  the  other  hand,  the  formation  of  nitrates  from  the  nitrogen- 
ous components  of  the  manure  and  the  soil  is  a  very  important 
consideration,  and  it  is  precisely  here  that  the  composts  are  more 
likely  to  do  good  than  the  duogs.  A  well-prepared  compost  is  in 
some  sense  a  nest  of  ferment  organisms  proper  to  cause  nitrification 
of  the  humus  of  the  field.  The  idea  is,  that  as  regards  nitrificft- 
tion  the  compost  is  likely  to  act  more  quickly  than  fresh  dung ; 
though  the  dung  might  of  course  favor  nitrification  after  its  first 
hut  fermentation  is  spent. 

LeaeAy  Soilt. 

It  is  not  improbable  that  the  popular  opinion  that  manure  should 
not  be  buried  deeply  in  light  soils  is  true,  because  of  the  proptrtf 
of  snch  soils  to  facilitate  the  formation  of  nitntea  ftom  the  ma- 
nure buried  in  them.  It  is  not  probable  that  such  soils  are  called 
"leacliy"  because  the  ordinary  eoluble  constituents  of  manure  are 
washed  out  of  them  by  lain,  for  the  power  of  the  double  silicates 
in  the  soil  to  hold  these  constituents  of  manure  is  very  great.  But 
within  these  porous  soils  nitrates  are  doubtless  formed  rather  freely, 
and,  as  is  well  known,  the  nitrates  are  easily  washed  out  from  soils, 
and  ore  liable  to  go  to  waste  after  every  rain  that  is  long  continued. 
They  are  in  fact  leached  out  of  the  soil,  and  the  manure  from 
which  they  come  rapidly  wastes  away. 

It  is  said  to  he  a  matter  of  old  and  familiar  observation  in  Ger- 
many, that  in  sandy  regions  in  seasons  that  are  particularly  wet  the 
soil  may  finally  be  so  thoroughly  leached  that  it  becomes  unfniitfui 
Under  these  conditions  tobacco,  in  particular,  according  to  v.  Babo, 
is  sometimes  seen  to  suffer  from  actual  starvation. 

Ou  the  other  hand,  it  is  possible  that  one  reason  why  mannre  bad 
better  be  kept  near  the  .sorfiwe  q£  ligl^.  l«ad  is  that  situates  are 
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formed  more  readily  in  tbat  poutioa  than  &t  a  gnater  depth ;  aM, 
for  example,  in  the  case  of  the  mannre  that  wu  harrowed  iii  for 
eom  in  the  experiments  of  the  Maseachtuetts  Society  above  men- 
tioned. 

Compottiitg  the  Fitld  Utelf. 

Jnst  as  in  the  preptmtion  of  compont  heaps,  so  in  the  bnrying  of 
dung  there  are  two  tolerably  distinct  conceptions  to  be  kept  in 
Tiew.  Beside  nitrification,  there  needs  to  be  considered  the  firat 
fisrmentation,  which,  when  the  conditions  are  fitvorable,  dung  may 
produce,  on  being  baried  in  the  hurans  of  the  soil,  almost  as  welt  aa 
when  it  is  mixed  with  similar  hamoB  in  the  compost  heap.  It  may 
often  happen  that  this  first  fermentation  may  be  produced  much 
more  economically  by  plonghing  under  duDg  in  the  field  than  by 
establishing  regular  compost  heaps.  In  seeking  to  accomplish  this 
kind  of  result,  the  farmer  may  either  plough  under  fresh  farmyard 
manure,  or  he  may  top^rees  his  grass  or  follow  land  with  alrauet 
any  kind  of  fertilizer  some  time  before  he  means  to  plough,  in  order 
to  encourage  a  rank  growth  of  grass  or  weeds,  which,  on  being 
turned  under,  will  speedily  ferment. 

Kindt  tif  Soil*  fit  for  ifanrnt*. 

The  views  nf  practical  men  as  to  the  classes  of  soils  to  which  one 
or  suother  kind  of  manure  should  be  applied,  are  manifestly  based 
upon  considerations  snch  as  those  Just  now  ni^ed.  It  is  commonly 
held  that  hone  manure  and  mannre  from  sheep  stables  should  be 
applied  by  preference  to  cold,  clayey  IkNims,  or  to  moist  soils  rich  in 
bumn^  where  decay  will  not  be  too  rapid,  and  where  these  "hot" 
manures  will  tend  to  warm  and  enliren  the  land.  Horse  mannre 
helps  to  loosen  the  land  withal,  by  means  of  the  straw  with  which 
it  is  commonly  admixed.  On  the  contrary,  the  comparatively 
speaking  cold  and  slowly  fermentable  cow  manure  is  preferred  for 
warm,  light  soils,  rather  than  for  those  that  are  stiff,  or  cold,  or  rich 
in  hnmns. 

It  ia  otgected  to  horse  manure  on  light,  sandy  soils,  that  it  de- 
composes there  too  rapidly,  and  shows  less  endurance  or  lasting 
effect  than  is  deemed  to  be  desirable.  Hence  one  reason  why 
many  practical  men  think  it  best,  on  the  whole,  not  to  use  horse 
manure  by  itself,  bat  rather  iu  admixture  with  oow  manure  and 
the  dung  of  swine. 

It  is  the  market  gardeners  in  particular  who  esteem  heavy  dress- 
ings of  boise  nwnuie  on  land  moist  enough  to  be  well  insured 
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against  ruksfipomdroaght..  Tbeyfisd  their  advantage  alao,  in  earl^ 
spring,  in  making  uae  of  tbs  warmth  which  fermenting  horse  ms- 
nare  communicates  to  land  upon  which  early  vegetables  are  to  bo 
grown,  litis  point  has  been  studied  hy  Wagner.  He  found,  when 
the  temperatnre  of  the  air  was  no  lower  than  S0°  F.,  that  the  tem- 
perature of  the  soil  could  be  increased  to  an  appreciable  degr«e  hy 
working  into  it  stable  manure.  The  warming  is  specially  veil 
marked  when  the  manure  is  highly  nitrogenous,  and  in  a  condition 
tit  fur  rapid  fermentation ;  when  large  amounts  of  it  are  used ;  and 
when  the  soil  is  not  too  wet.  An  addition  of  materiab  competent 
to  hasten  fermentation,  sucb  as  barnyard  liquor,  for  example,  notably 
increases  the  elevation  of  temperature.  So  does  an  addition  of  lime, 
though  much  less  einphntically.  Host  heat  is  developed  immedi- 
ately after  the  manure  has  been  buiied,  though  the  evolution  of 
heat  may  persist  for  some  time  when  the  external  conditions  era 
favorable.  Thus,  on  land  dmaed  with  from  40  to  14  tons  of  hone 
manure  to  the  acre,  warmth  may  be  imparted  to  the  soil  during 
periods  of  from  4  to  12  weeks  (or  more),  and  the  increase  of  tem- 
perature may  range  from  an  amount  which  ie  barely  perceptible  to 
as  much  as  1°  of  Fahrenheit's  thermometer.  On  the  average,  it 
amounted  to  from  O^.S  to  0°.7,  in  these  experiments.  The  best 
mean  increase  of  temperature  for  a  fortnight  vras  1°.  The  maxima 
of  inciease  obser^'ed  by  Wagner,  as  imparted  to  the  soil  by  beati 
straw  (wet  with  barnyard-  liquor  1)  and  freab  horse  manure  respect- 
ively, were  5°  and  2°. 

One  good  rule  with  regard  to  the  burying  of  manure  is,  that  ths 
aim  sfaonld  be  always  to  fill  the  staple  with  plant-food. 
Model  of  applying  Artijiaal  FeriUiiert. 

What  hae  been  said  above  refers,  of  courae,  only  to  the  burying 
of  farmyard  manure.  In  respect  to  the  arttticial  fertilizers,  it  cnn 
be  said  tolerably  well  beforehand  what  needs  to  be  done  in  order 
to  secure  their  proper  diffusion  and  distribution  in  the  soil.  For 
example,  superphosphate,  nitrate  of  soda,  and  even  sulphate  of  ani- 
laonia,  may  be  merely  scattered  on  the  surface  of  the  land,  sinca 
they  will  soak  into  the  soil  readily  enough.  Bone-meal,  oil-cak^ 
and  fish  scrap  need  only  to  be  buried  deeply  enough,  in  not  too  dry 
earth,  tbat  they  may  nitrify  readily.  Bone-aeh,  bone-black,  and  pbos- 
phatic  guano  need  to  be  buried  pretty  deeply,  and  well  commingled 
with  the  soiL  With  them,  as  with  potash  salts,  it  would  be  well, 
were  it  not  for  the  trouble  involved,  to  apply  one  portion  of  tb* 


jbvGooglc 


ICEBTTS  or  DTJVO  AHD  UBINB.  43 

dreasiDg  before  plonghiug  the  luid,  another  befoie  cnes-plon^Ing 

it,  and  another  before  harrowing,  to  insure  thorough  dutributiou. 

Whji  Dmv}  and  Uritu  are  Pre-tminaU. 

There  can  be  veiy  little  doubt,  after  all  hag  been  said,  that  one 
chief  reason  why  &nuyard  manure  retains  so  very  prominent  a  po- 
sition is  that  people  know  pretty  we)l  how  to  use  it.  One  strong 
point  in  favor  of  formyatd  manure,  of  eonne,  is  the  general  appli- 
eability  of  it  For  inasmuch  as  such  manure  contains  all  the  aah 
ingredients  of  the  plants  from  which  it  has  been  formed,  and  a  fair 
proportion  of  thnr  nitrogen  also,  it  is  necessarily  a  mixture  of 
things  needed  by  living  plants.  Uora  than  this,  it  is  s  mistiire  in 
which  the  several  ingredients  sie  tolerably  well  proportioned  to  the 
demands  which  will  he  made  by  the  plants. 

It  is  true,  as  has  been  already  insisted,  that,  in  one  sense,  the 
excrements  of  animals  might  seem  not  to  be  precisely  equivalent  in 
value,  as  manure,  to  the  food  cousumed  by  the  uimaJs  in  producing 
it.  A  ton  of  clover,  for  example,  bnried  in  the  gronnd,  might 
put  into  the  land  a  considerably  larger  quantity  of  fertilizing  mat- 
ter than  could  be  got  by  feeding  out  the  clover  to  cattle,  and  carry* 
log  their  duDg  and  nnne  to  the  field.  And  instead  of  "clover,"  in 
this  statement,  the  name  of  any  other  article  of  food  might  be  put. 
In  the  case  of  yoni^  growing  animals,  and  that  of  milch  oows  or 
of  sheep,  the  ditBculty  is  s^gnvated,  ss  has  been  shown ;  but  in  no 
case  is  it  wholly  absent.  From  numerous  experiments  made  by 
diffeient  chemists,  it  appeara  that,  on  the  avet^^  little  mora  than 
four  fifths  of  the  nitrogen  cousumed  by  stabled  animals  in  their 
food  can  be  carried  to  the  fields  in  the  form  of  liquid  and  eolid  ex- 
crements. The  rest  not  only  serves  to  form  milk,  and  flesh,  and 
wool,  or  the  like,  but  the  major  part  of  it  is  dissipated  by  processes 
of  decay  and  puttefitction. 

Excrement  hMer  Manirre  thaik  Food  it. 

It  was  on  account  of  this  waste,  part  of  which  he  wrongly  sup- 
posed to  be  due  to  respiration  and  perepiiation,  that  Boussingault 
once  remarked ;  "It  is  high  time  that  the  old  notion  that  cattle 
produce  manure  should  be  done  away  with.  They  are  really  de- 
stroyers of  manure,  —  disnpators  of  manure." 

Stilt  earlier  than  Boussingault,  the  German  chemist  Sprengel  sn- 
tertnined  a  similar  idea,  and  he  made  experiments  to  prove  it.* 
Starting  from  the  crude  notion  that  the  fodder  which  passes  through 
aa  animal  cannot  become  "  oaimalized  "  by  the  act  of  thus  passing, 


jbvGooglc 


44  AGBICULTCRB. 

it  was  urged  that  a  given  weight  of  food  applied  to  the  land  as  sttch 
must  produce  a  greater  fertiluing  effect  than  a  Bimihr  weight  of 
food  after  it  ha«  been  fed  to  on  animal,  and  thereby  tdumged  to 


To  test  thia  hypothesiD,  Spiengel  fed  one  parcel  of  fodder  to  IkttiDg 
sheep,  and  at  the  same  time  be  prepared  a  heap  composed  of  another 
equal  parcel  of  the  fodder,  to  which  he  applied  as  much  water  as 
was  given  to  the  sheep.  Naturally  enough,  bis  heap  of  fodder 
weighed  a  good  deal  more  than  the  escrementa  of  the  sbeep,  and  on 
contrasting  the  two  producte  by  applying  them  for  the  fertilization 
of  potatoes,  the  uneaten  fodder  gave  a  larger  crop  than  the  dung. 

Both  the  remark  of  Bouasingault,  and  the  experiment  of  Spreugel 
tm  interesting  and  instructire,  as  exhibiting  one  view  of  the  sub- 
ject. But  the  idea  which  they  seek  to  expiess  can  no  longer  be 
accepted  as  true,  in  a  practical  aenae.  For  the  chemical  constitu- 
ents  of  dung  are  very  different  from  those  of  plants.  ConUary  to 
Spiengel's  teaching,  fodder  it  "animalized"  as  it  passes  through 
the  body,  in  that  the  beet  part  of  it  becomes  part  and  panel  of  the 
body  before  it  is  sent  ou^  or  expelled  in  the  secretions.  Excre- 
ments reeemble  dead  flesh  withal,  in  that  they  afford  fit  reeidenoe 
for  Tftrious  ferment  organisms  which  bring  about  decompoeitioos 
unlike  those  which  occur  commonly  in  the  decay  of  plants. 

Dung  and  urine  not  only  bring  to  the  soil  matteis  directly  assimi- 
lable by  plants,  which  are  of  the  utmost  value  na  plant-food,  hut 
they  excite  fermentations  in  the  earth,  which,  as  all  experience  shows, 
are  useful  for  the  growth  of  plants.  Hence,  in  spite  of  all  the 
sources  of  waste  above  mentioned  as  incidental  to  its  formation, 
farmyard  mannre  is  a  tolerably  complete  fertilizer.  By  applying  it 
to  tbe  Land  in  sufficient  quantity,  plants  con  be  supplied  with  every- 
thing necessary  for  their  growth. 

As  regards  the  ordinary  run  of  soils,  there  are  few  among  the 
commercial  fertilizers  of  which  the  for^^ing  remark  can  be  mad& 
Nor  is  it  strange  that  this  should  be  so,  for  the  commercial  fertilizers 
have  come  into  use  as  additions  to  or  re-enforcements  of  stable 
manure.  They  originated  in  countries  where  the  bnns  are  based 
upon  the  keeping  of  cartle,  and  have  found  their  chief  use  in  eoi^ 
nection  with  stable  manure. 

Hitherto  the  artificial  fertitizeis  have,  for  the  most  part,  been  ap* 
plied  in  conjunction  with  dung,  to  anpplement  it ;  or,  perhaps  even 
more  commonly,  some  one  of  them  has  been  put  on  by  itself  to 
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force  a  epeciol  crop  in  a  Totation  tbe  fandtunental  buia  of  wbicli  u 
fitrmyaid  maoaro.  It  is  only  oomparativelf  nccatly  that  the  com- 
mercial fertilizen  have  fouud  extended  use  io  the  cultivattoQ  of 
special  crope,  such  as  cotton,  sugar,  and  tobacco,  and  people  were 
ungnlarly  slow  in  gnsping  the  idea  that  mixtures  of  the  artificial 
products  were  needed  in  order  to  compete  with  dung. 
Farming  pottible  with  Artificial  Ma%«ra. 

It  is  bemiise  of  the  fiicts  above  stated  tliat  books  relating  to  pno- 
tical  agriculture  still  lay  so  much  stress  upon  brmyanl  manure,  and 
have  so  little  to  say  about  the  pncticability  of  carrying  on  farms  by 
the  exdusive  use  of  commercial  fertilizers.  Indeed,  oompantively 
speaking,  very  little  information  upon  this  point  has  ever  been  pub- 
lished. The  experience  of  many  years  will  be  needed,  moreover, 
before  any  one  can  say  with  certainty  whether  such  and  such  a 
course  is  permanently  profitable.  At  the  very  woiet,  however,  there 
would  seem  to  be  no  real  difiioolty  in  maintaining  a  farm  in  good 
heart  by  means  of  the  commercial  fertilisers  now  procnrable,  if  they 
were  used  in  connection  with  eome  system  of  green  manuring,  or 
with  composts  made  of  v^etable  matters  fermented  with  night-soil, 
soBp-boil€^s  scraps,  or  alkali ;  for  in  tiiese  ways,  if  in  no  other, 
mannres  of  general  applicability  could  he  obtained  proper  to  replace 
tbe  dung  of  animals. 

When  the  preparation  of  conpoets  comes  to  be  properly  under- 
stood and  methodized,  it  may  perhaps  be  found  to  be  true  univer- 
sally, as  it  Is  DOW  of  cattle  forms,  that  the  beat  way  of  employing 
the  chemical  fertilizers  is  iu  small  quantities,  as  helps  to  the  general 
manure  obtained  by  the  decomposition  of  vegetables. 

On  good  moist  land,  a  little  bone-meal,  castor-oil  cake,  cotton-seed 
meal,  nitrate  of  soda,  or  suporphosphato,  used  in  connection  with 
farmyard  manure,  will  oflen  exert  an  influence  out  of  all  proportion 
above  the  cost  of  the  addition. 

Ute  of  "  ArtiJkiaW  to  prodvee  Dun^. 

Upon  some  of  the  grain  forms  of  Europe  it  was  formerly  held  that 
the  true  theory  of  the  use  of  commercial  fertilixers  was,  that  they 
should  be  employed  in  quantity  just  sufficient  to  increase  the  pro- 
duct of  fodder  and  straw  to  the  extent  that  a  sufficient  number  of 
animals  might  be  kept  to  supply  dung  enough  to  manure  the  form 
richly  and  completely.  This  theory  has  merit  as  for  as  it  goee ; 
bnt  it  foils  to  recognize  and  allow  for  a  certain  deficiency  of  nitrogen 
which  is  inevitable  in  formyard  manure. 
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Special  Man,VTe$  n^Uient  m  ttrtam  Catei. 

There  are  exceptioiittl  wils  and  districta,  ao  fertile  cattmll^  that 
tbef  do  not  stand  in  need  of  oumpleta  manures.  Upon  bodib  of  the 
intervales  of  N«w  England,  eveu,  and  upon  reclaimed  salt  manhee, 
some  one  special  manure  might  perhaps  be  used  year  after  year 
without  exhausting  the  land.  And  there  are  seTsral  localities  in 
Europe  where  potash,  at  least,  seems  to  be  abuudantlf  supplied  hj 
the  soil.  Discretion  niust,  of  coune,  be  used  in  such  oases,  as  al- 
ways in  the  application  of  concentrated  manures.  But  it  is  to  be 
remembered,  on  the  other  band,  that  there  is  no  system  of  forming 
more  unpbilosophical,  chemically  speaking,  than  that  which  insists 
on  piling  stable  manure  year  after  year  upon  land  so  rich  that  the 
eropa  grown  upon  it  cannot  consame  a  fair  proportion  of  the  food 
supplied. 

According  to  lAwes  and  Gilbert  it  has  been  found,  as  a  matter 
of  practical  experience,  upon  the  highly  cultivated  grain  and  stock 
farms  of  England,  ttiat  the  amount  of  mineral  constitnents  im- 
mediately available  for  the  wheat  crop  supplied  by  stable  manure 
is  almost  invariably  in  excess  of  the  supply  of  nitrogen.  Hence 
the  yield  of  wheat  is  largely  increaaed  on  those  English  lands  by 
the  application  of  nitrogenous  manures  used  in  conjunction  with  the 
dung,  aa  has  already  been  set  forth. 

In  a  similar  sense.  Ranch,  in  Bavaria,  after  having  experimented 
wi^  Peruvian  guano  for  years,  came  to  the  conclusion  that  he  could 
not  count  with  any  certainty  upon  this  manure's  giving  good  results 
unless  it  was  applied  to  land  already  in  good  heart,  i  e.  land  pre- 
viously enriched  with  stable  manure  or  with  clover  sod.  The  facts 
being  aa  they  are,  it  is  not  in  the  least  surprising  that  the  nse  of  a 
purely  uitrogenised  manure,  like  sulphate  of  ammonia,  should  have 
so  often  given  excellent  results  upon  land  which  had  been  richly 
manured  for  a  long  time  with  dung. 

It  is  to  be  remembered,  also,  when  land  is  very  fertile,  either  nat- 
urally or  from  having  been  brought  into  good  condition  by  careful 
tillage  and  abundant  maniirings,  that  the  annual  disintegration  and 
decomposition  of  mineial  matter  within  the  soil  will  go  fisr  to  sup- 
ply the  mineral  constituent's  which  are  taken  off  in  the  crops,  and 
that  these  ash  ingredients  are  of  course  superadded  to  those  in  the 
dung.  Hence  it  follows,  that  the  special  theory  of  applying  commer- 
cial fertilizers,  to  which  allusion  was  just  now  made,  must  be  modi- 
lied  very  decidedly.     In  many  situations,  it  will  be  beet  to  nse  some 
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kind  of  nitiogenized  faitilixeT  together  with  the  faimyanl  mumre, 
And  if  this  be  done,  less  stable  manure  shoold  be  applied  than  is 
nov  commonly  used.  It  vould  evidently  be  unwise,  m  a  matter 
of  farm  practice,  to  peraist  in  appljring  large  quantities  of  doug  to 
really  good  land.  A  lighter  dressing  of  the  dung  together  with 
some  nitrate  of  loda,  or  guano,  or  fish  scnp,  or  sulphate  of  ammo- 
nia, would  usually  be  belter  than  a  heavy  dieeaing  of  the  dung 
alone. 

The  rec<^itioa  by  the  British  farmers  of  the  facts,  —  Ist,  that 
full  crope  of  wheat  cannot  be  grown  nolesa  than  be  pretent  a  lib- 
end  supply  of  nitrogen,  as  well  as  an  abundance  of  the  mineral 
matters  necessary  for  the  crop,  —  and,  2d,  that  upon  land  which  haa 
been  highly  cultivated  fur  a  long  time  and  manured  with  dung  the 
supply  of  mineral  constituents  available  for  the  wheat  crop  is  usually 
in  excess  of  the  available  nitrogen,  —  mark  a  very  important  step 
in  the  history  of  agricultuieL  It  is  curious  to  note  how,  in  the  light 
of  this  knowledge,  some  of  the  difficulties  which  beeet  the  earlier 
observers  are  made  plain.  Thus,  to  take  a  single  example,  Uar- 
■hall,  writing  in  1781,  is  very  maub  exercised  concerning  a  hill  of 
"  manure-sick  "  land  which  he  ran  acroaa  in  his  travels.  Under 
date  of  November  10,  he  says  :  — 

"  The  Bullock  Hill  at  St  Faith's  in  Norfolk  is  said  to  receive  no 
benefit  from  the  droppings  of  the  bollucki,  which  every  year  are  shown 
npon  it  daily  during  s  fortnight  or  three  weeks.  This  yesr  the  land  was 
in  wheat;  uid  if  one  may  judge  from  the  stubble,  the  crop  was  a  very 
indifferent  one,  notwithstanding  the  wheat  was  dunged  for.  The  soil  is 
a  lightish  saady  loam." 

"This  intereating  fact  is  said  to  be  due  to  the  worthlessness  of  the 
dung  of  drove  bullocks.  This  I  much  doubt,  howevpj;  for  the  bullocks 
being  many  of  them  in  high  case,  and  kept  in  grazing- grounds  abont 
St.  Faith's,  some  of  them  perhaps  within  a  quarter  of  a  mile  of  the 
bill,  the  driving  is  Utile  more  than  the  driving  of  sheep  to  a  fnld. 
Some  of  the  cattle  may  no  donbt  come  to  the  hill  immediately  from 
Scotland,  and  they  are  all  of  them  of  conive  driven  more  or  lem,  and 
there  may  be  some  truth  iu  this  opinion.  But  npon  the  whole,  it  seems 
probable  that  driving  alone  does  not  produce  this  interesting  hct.  May 
we  not  venture  to  think  it  possible  that  land  may  be  satiated,  or  tired, 
even  of  the  dung  of  cattle  1  The  hill  in  question  has  been  the  site  of  a 
Urge  fair  for  cattle  during  time  immemorial.  Perhaps,  were  the  fair 
removed  and  the  soil  manured  with  lime,  marl,  or  some  such  other  new 
manure  as  experience  woald  point  ont^  it  might  continue  to  throw  oat 
great  crope  for  many  years.    This  is  a  subject  worth  investigating ;  for 
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upon  old  gradDg-grounda,  vhich  L&ve  been  fed  and  dunged  with  cattle 
duriug  a  length  of  time,  the  dung  which  fulls  from  them  cannot  on  this 
hypotbeaiB  be  of  any  use  to  the  land;  (Mjnttequently  the  stock  maj,  with- 
out injury  to  the  pasture,  be  driven  uff  iu  the  night-time  to  feitiliie 
eume  arable  kndi  or  the  diing  may  with  advantage  be  collected  and 
carried  off;  whilst  by  mould,  ashes,  soot,  etc,  the  grass  may  receive  im- 
pruvemenL" 

It  will  be  noticed  that  Matsball  describes  the  soil  of  the  hill  as  a 
ligbtiah,  sandy  loam.  The  inference  aeenis  plain,  that  tlie  nitrogen 
compounds  of  the  dung  bad  fermented  and  been  oxidized,  and  that 
they  bad  been  washed  away  in  good  part,  doubtless  in  the  form  of 
nitrates ;  and  that  what  the  land  really  needed  was  a  supply  of  some 
uitrogenized  manure,  and,  probably,  water. 

From  what  is  known  of  the  power  of  soils  to  letain  the  mineral 
constituents  of  dung,  it  is  impossible  to  escape  the  conviction  that 
the  Boil  of  this  Bulloclc  Uil]  was  highly  charged  with  them.  With 
bis  usual  sagacity,  Marshall  saw  that  a  new  maiiore  was  needed. 
But  he  did  not  know  that  the  substance  specially  indicated  was  a 
nitrogen  compound,  although  be  mentions  soot  and  vegetable  mould, 
among  other  things,  as  fit  materials  to  experiment  with.  His  coun- 
try men  have  learned  the  lesson  since  then. 


CHAPTEK  IV. 

BUPERIOBITT  OF  DONG   AND  UEINB. 

Folding  and  Ttathing. 

Tbr  foreign  practice  of  applying  manure  by  folding  sheep  me- 
thodically night  after  night  upon  the  different  parts  of  a  field  is 
deserving  of  special  attention  in  connection  with  what  has  been  said 
of  methods  of  saving  and  applying  manure.  For,  as  has  appeared 
already,  the  sheepfold  is  one  means  of  bringing  manure  to  the  land 
in  the  fresh  condition,  and,  in  places  where  circumstances  permit 
this  method  to  be  practised,  it  is  esteemed  to  be  a  very  good  way 
of  so  doii^ 

Almost  every  crop  and  every  kind  of  soil  is  said  to  take  kindly 
to  the  system.    It  has,  moreover,  the  repatatton  of  being  singularly 
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bonefidal  to  new  land,  and  to  land  which  haa  never  been  fulded 
n|H>n.  It  most  be  admitted,  however,  with  Marshall,  that,  "  by  tho 
term  fold,  as  applied  to  the  fertiliung  effect  of  sheep  ]>eut  upon 
laud,  we  do  not  mean  to  convey  au  idea  merely  of  the  tiecea  and 
nrine  they  leave  behind  them,  but  alao  of  the  tnimi>Iiu-;,  and  per- 
liape  of  the  perspiratiun  and  tho  warmth  commuuitiated  to  the  aoil 
by  the  practice  of  folding." 

It  is  not  merely  the  tramping  of  the  ground  in  the  sense  of  com- 
paction, but  the  trampling  in  of  the  dung,  i.  e.  the  mixing  of  it 
with  the  earth,  that  is  to  be  r^jaided  with  favor  It  is  a  matter  of 
hidtoiy,  indend,  that  before  hanows  were  invented  sheep  and  swine 
were  babitnally  employed  to  trample  in  seed  grain  after  it  had  been 
strewn.  The  even  distribntiou  of  the  shc^ep  manun  is  one  point  to 
be  noted;  and  another  advantage  in  putting  sheep  upon  stubble- 
fields  is  found  in  the  fact  tliat  these  animals  eat  and  destroy  a  great 
variety  of  weeds  which  neither  cows  nor  horses  will  touch. 

Still,  the  chief  advautags  of  folding  ia  found  iu  the  tact  that  all 
the  manure  falls  upon  the  land  in  the  fresh  condition,  aud  id  ab- 
sorbed by,  and  distributed  in,  the  soil  while  fresh.  This  remark  is 
specially  true  of  the  arine,  which  is  pnt  to  profit,  wel&iigh  com- 
pletely perhaps,  when  it  falls  apon  the  soil,  as  when  sheep  are 
folded ;  bnt  which  in  the  barnyard  putrefies  and  ferments  in  such 
wise  that  a  very  large  proportion  of  its  components  are  lost  in  the 
gnseons  form. 

It  i«  true  of  sheep  manure,  that  it  is  particnlarly  dry  and  a  highly 
nitrogenized  material,  which  begins  to  decompose  very  quickly 
anyway,  and,  by  thos  becoming  hot,  helps  not  a  little  towards  its 
further  decomposition  and  destruction.  No  kiikd  of  manure  (nnless 
it  be  night-eoil)  stands  in  greater  need  of  hnving  checks  put  upon 
its  tendency  to  decomposition.  On  contrasting  Voelcker's  analyses 
of  fresh  sheep  manure  with  some  that  was  three  yeare  old,  it  appears 
tb:tt  the  latter  had  lost  mure  than  40%of  ite  nitrogen,  and  somewhat 
over  60%  of  ita  organic  matter. 

Foliiinrf  tana  Urine. 

When  urine  has  been  distributed  in  the  soil  in  the  fresh  comli- 
tion,  as  when  sheep  are  folded,  it  probably  decays  in  a  very  ctilTer- 
ent  way,  even  in  warm  summer  weather,  from  that  in  which  it 
decays  in  the  dung'heap,  and  the  products  of  decay,  being  in  pres- 
ence of  an  excess  of  soil,  are  doubtless  absorbed  by  it  in  some  part. 
In  case,  for  example,  ammonia  was  fi^rmed  by  the  decay  of  the 
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sheep'i  niue  in  the  soil,  it  ia  &ir  to  aasnme  that  little  or  none  of 
this  Bmmonia  could  eauape  into  the  air.  It  ia  certoia  that  no  per- 
ceptible odor  of  aaimouia  would  ariae  from  it,  such  aa  ia  evideiit 
enough  when  sheep's  urine  decays  abore  ground. 

As  Walz  has  suggested,  the  constituents  of  the  urine  tliat  has 
been  distributed  upon  stubble  land  by  the  method  of  folding  sheep 
are  commonly  put  to  use  immediately  by  plants,  before  they  have 
hud  time  to  undergo  any  very  complete  decay ;  for  they  are  either 
token  up  by  weeds  that  are  growing  upon  the  spot,  and  are  subse- 
quently recovered  in  the  form  of  a  green  manuring  when  the  land 
is  ploughed,  or  some  kind  of  an  agricultural  crop  is  sown  upon  the 
land  that  lias  been  folded  upon,  and  in  thia  event  the  constituents 
of  the  urine  give  an  excellent  start  to  the  young  plants. 

In  proof  that  the  urine  of  the  aheup  is  really  the  moat  important 
element  in  the  process  of  folding,  Walz  adduces  the  case  wher«^ 
after  sheep  have  been  folded  upon  a  hillside,  a  andden  heavy  ahower 
of  rain  washes  everything  movable  from  the  aur&ce  of  the  land,  so 
that  the  dung  is  swept  away  wellnigh  completely,  and  little  beniile 
the  urine  that  had  soaked  into  the  earth  is  left  to  show  thitt 
folding  has  occurred.  Yet  it  is  a  matter  of  practical  experience, 
that  the  orope  which  are  grown  in  due  course  upon  folded  land 
which  has  been  washed  clean  in  this  way  often  yield  almost  as  good 
barveata  as  if  no  washing  had  occurred. 

One  advantage  in  folding  sheep  ia,  that  there  Is  no  expenae  di- 
rectly chargeable  to  the  transportatiou  of  manure^  or  to  the  Bpre«d- 
ii^  of  it  Moreover,  none  of  the  manure  con  by  any  poosibility 
be  lost  between  the  stable  and  the  field.  In  a  word,  there  is  no 
"shrinkage."  Henoe  the  process  lioa  special  significance  for  out- 
lying fields  which  ore  distant  from  the  dung-yard,  and  for  hilly, 
inaccessible  postures.  Folding  is  said  to  be  inadmissible,  however, 
when  the  sheep  are  kept  for  the  sake  of  high  grade  wool. 

Sometimes  the  sheep  are  folded  on  land  before  the  crop  ia 
planted,  in  which  event  their  dung  is  aoon  ploughed  in;  and  at 
other  times  they  are  folded  after  the  planting,  so  that  their  dang 
serves  as  a  top-dressing,  and  their  tramping  harrows  and  "rolls" 
the  land,  as  it  were.  In  both  cases,  the  sheep  are  usually  driven 
•t  nightfall  &om  their  proper  pasture  to  the  land  to  be  manured. 
Qmuditg  of  Manure  from  FoUU. 

In  some  Oennsn  works  on  agriculture,  there  will  be  found  curious 
computations  aa  to  the  amount  of  land  which  odq  sheep  will  manure 
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in  a  night,  utd  m  to  the  valae  of  this  mannriug  u  eompued  with 
that  of  a  diefloiiig  of  abible  nuaure.  Suhnw  wtimatw  that  a  good 
medium  maniuing,  eqoal  to  about  100  owL  of  ordinaty  stable  ma- 
nura,  may  be  got  from  2,400  sheep,  ami  that  a  heavj  maiiuriiig, 
equal  to  about  125  owL  of  stable  manure,  may  be  got  from  3,000 
sheep.  Koppe  tells,  as  a  matter  of  experience,  that  the  folding  of 
3,000  sheep  for  oue  night  upon  1  Uoigen  (ss  0.631  acre)  of  poor, 
thin  land,  wilt  gire  a  more  luxuriant  grain  crop  than  four  wagon-loada 
of  ordiuaij  stable  manuie,  although  3,000  sheep  with  their  bedding 
will  not  produce  thus  much  manure  in  a  night  Hence  the  coat  of 
folding  id  ofiset  by  the  coet  of  moving  the  stnw  and  the  manure,  to 
say  nothing  of  the  waste  of  straw,  which  might  be  used  as  fodder. 

To  test  this  matter,  Boussiugault  folded  200  sheep  for  a  fort- 
night on  rye  stubble,  in  a  field  of  snch  extent  that  there  should 
be  one  sheep  to  four  square  &et  of  euiface.  The  crop  of  turnips 
grown  on  the  land  thus  fertilized  waa  as  large  as  those  obtained  after 
the  heaviest  dieenngs  of  fsrm-yard  manure. 

JftMitrt  froM  Patturtd  CaUU. 

The  droppingi  of  neat  cattle  at  pasture  have  in  general  fiu  leas 
economic  value  than  those  of  sheep,  not  only  because  of  their  com- 
pacted conditioD,  which  prevents  the  growth  of  grass  wherever  they 
have  £iUen,  but  because  of  the  rankuess  of  the  grass  which  grows 
Btound  them.  In  rich  pastures,  or  even  perhaps  in  ordinary  paa- 
tniea  which  are  not  too  rocky  or  brush-grown,  the  droppings  may  be 
utilised  more  or  leea  completely,  as  is  done  not  infrequently  in  £ng- 
land,  by  going  over  the  land  occasionally  with  a  flexible  cbain-har> 
nw, — or  perhaps  a  light  smoothing-harrow  would  answer,  —  sotliat 
the  clots  of  dung  may  be  broken  up  and  the  particles  diatributed. 

If  a  scytheman  or  a  mowing-machine  could  be  spared  occasionally 
to  cnt  down  the  nnk  tufts  of  gnas  which  grow  around  the  clots  of 
dung  and  where  an  excess  of  urine  baa  fallen,  it  would  be  well  also ; 
(or  cattle  will  eat  iucb  grass  after  it  baa  wilted,  just  as  they  will  eat 
battercups,  whiteweed,  and  weeds  in  general,  after  they  have  been 
mown  and  are  partially  dried.  It  can  hfrdty  be  open  to  doubt, 
that,  in  pastures  good  enough  and  smooth  enough  to  st^geat  the 
(^ration,  the  cost  of  ranning  a  mowing-msofaine  over  the  land  as 
often  aa  weeda  or  waate  grass  have  made  head  would  be  amply 
repaid  by  the  forage  that  is  gained.  It  is  true  of  many  weeds,  that 
the  acrid  juices  which  repel  animals  from  the  living  plants  seem  to 
eso^  by  volaUliwtion  ae  the  plants  becoms  dry.  _       .  ., 
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QHantiiy  of  Manvre  proditetd  in  Patlitret. 

Schnoe  estimates  tlist  the  excrement*  from  a  medium-sued  cow  at 
pasture  amount  iu  twenty-four  hnun  to  from  37  to  40  lb.,  or  in  16S 
days  and  nights  to  from  6,000  to  6,600  lb.  More  excrement  is 
passed  by  day  than  by  nigbt,  Chat  which  falls  by  day  amounljng 
to  22  to  25  lb.  Hence,  wheu  cattle  an  pastured  by  day  and  kept 
up  by  night,  the  pastnre  will  tecei?e  from  3,600  to  4,000  lb.  of 
mauiue  in  165  days.' 

These  figures  ore  anfficient  to  give  a  tolerably  good  idea  of  how 
much  a  pasture  can  profit  from  the  droppings  of  the  cattle  kept 
upon  it.  Furthermore,  tbey  go  to  show  why  it  is  tliat  European 
fiumeis  think  so  much  more  of  the  benefit  derivable  from  pastured 
stock  than  our  own  farmers  da. 

On  tboee  European  farms  where  a  enw  can  be  pastured  on  less 
than  an  acre  of  land,  4,000  lb.  of  droppings— say  half  a  cord  of 
absolutely  fresh  dung  and  urine  —  may  do  an  appreinable  amount 
of  good  to  that  acre.  But  with  us,  where  two  or  three  acres  of  pas- 
ture— or,  sometimes,  many  more  — are  needed  for  the  support  of 
a  single  animal,  the  manure  she  furnishes  is  scatteiod  so  widely  that 
no  one  can  see  that  it  has  done  much  good. 
Tealhe. 

The  old  English  writers  on  t^ricultuie,  following  a  provincial 
custom,  often  laid  streas  od  the  good  effects  of  the  mere  breath  of 
cattle  upon  pasture  grass,  and  upon  the  benetit  which  aocruee  to  the 
grass  frum  the  contact  of  their  bodies  with  it  as  they  sleep  by 
night,  —  all  this  beside  the  effect  attributable  to  the  dropping 
of  dnng  and  urine.  The  ward  Teathe  was  used  to  express  this 
complex  ide&i 

Jttst  aa  the  word  "  fold  "  was  used  to  express  the  fertiliring  action 
ofsheep.ao  "teathe"  was  used  to  indicate  the  fertili&ng  effect  of  cattle 
upon  the  land  upon  which  they  were  pastured,  or  upon  which  they 
Tere  foddered  with  turnips  or  other  food ;  no  matter  whether  this 
fertiliriug  effect  is  produced  by  their  dung  and  nrine,  or  by  their 
treading,  their  breath,  their  penpitation,  or  the  warmth  of  their 
bodies. 

A  field  may  be  teathed  methodically,  much  as  it  would  be  folded. 
And  upon  the  stock-tumip-grain  brms  of  Norfolk  County  in  Eng- 
land, at  the  beginning  of  thb  century,  the  practice  was  wellnigh 
universaL 

Cattle  wete  btted  upon  tnmipe  in  the  field,  but  the  tuniipa  were 
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fed  oat  in  rach  msaner  that  the  droppings  of  the  cattle  wen  di§- 
tribnted  over  the  entiie  field.  The  &nna  were  Uid  out,  and  the 
crops  intermixed,  in  such  mamwr  that  each  field  of  turnips  should 
have  at  least  two  grain  or  olover  fields  in  its  neighborhood.  The 
tamipe  were  hanled  first  to  the  wheat  itabble,  aud  there  ecatteted 
thinly  and  erenly  ffom  the  carts,  so  that  the  cattle,  while  eating  one 
tamip,  could  not  tread  or  dung  npon  another.  The  carts  began  at 
one  side  of  the  field,  and  worked  regularly,  day  by  day,  to  the 
other  side,  giving  each  part  of  the  land  an  eqnal  share  of  the  tur- 
nips, and  never  throwing  twice  in  the  same  place,  until  the  whole 
field  had  been  gone  over.  The  rale  was  to  keep  the  turnips  about 
a  yard  apart. 

When  the  wheat  stubble  had  been  gone  over  often  enough  to 
give  it  a  proper  supply  of  manure,  the  ground  waa  ploughed,  and  the 
cattle  traDsfened  to  Wley  stsbblee.  The  latter  wete  ploughed  in 
their  tnm,  and  from  Christmas  to  April  the  tamipe  wen  thrown 
npon  the  clover  fields. 

This  practice  of  teething  was  estoemed  to  be  speoially  Taluabla 
npon  light  soils,  but  inapplicahle  to  heavy  land  or  to  soils  of  close 
texture,  —  manifsstly  becanee  of  the  risk  of  puddling  and  tamping 
the  clayey  soil. 

The  teathe  of  cattle  was  a  merchantable  article,  like  their  dnng, 
and  it  was  estimated  at  a  higher  or  lower  price  according  to  the 
qnalitj  of  the  food  and  the  condition  of  the  cattle.  The  teathe  of 
heavy,  &t  cattle  was  thought  to  be  specially  valuable,  while  that  of 
lean  stock  and  of  cows  was  accounted  inferior. 

This  matter  applies,  of  course,  mnch  more  particnlarty  to  the 
mild  climate  of  England  than  to  American  conditions.  The  pro- 
CGflS  is  described  here  merely  for  the  sake  of  an  illustration.  It 
woe  the  mild  climate,  again,  which  permitted  the  Torkshire  farmers 
to  tenths  their  mowing-fields  by  foddering  cattle  upon  them  in 
winter  with  hay,  as  an  er^tiivalent  for  the  exhanstion  by  hay. 

According  to  Harshall,  the  good  effect  of  feeding  out  hay  npoa 
grass-land  that  will  bear  the  treading  of  stock  in  winter  is  evident 
to  common  obeerration.  There  can  be  no  dotiht,  be  says,  that  in 
some  cases,  and  under  proper  management,  stocking  hay  in  the  field, 
and  foddering  with  it  on  the  land  it  grew  upon,  may  be  periectly 
eligible.  Oil  light  land,  he  says,  many  advantages  arise  from  this 
practice.  The  fodder  is  laid  np  and  the  manure  applied  at  small 
expense.    The  texture  of  tho  soil  is  improved,  and  the  moss,  which 
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is  the  greatest  enemy  of  land  of  this  description,  is  checked  or  de- 
stroyed by  the  tieadiiig  of  the  stoclt.    ' 

Nothing  of  this  sort  could  be  done  in  the  oold  winters  of  Nev 
England.  But  it  is  none  the  less  plain  that  the  custom  of  teathing 
goes  to  show  the  advantages  of  using  fresh  dung  and  urine.  A  fev 
words  more  bearing  upon  the  subject  of  teathe  may  here  be  cited. 
The  famous  old  writer  on  rural  afiairs,  Evelyn,  says  :  "Tbs  biting 
of  cattle  gives  a  gentle  loosening  to  the  roota  of  the  herbege,  and 
mokes  it  grow  fine  and  sweet,  and  their  very  breath  and  treading, 
as  well  as  soil,  and  the  comfort  of  their  warm  bodies,  is  wholesome 
and  marrelloualy  cherishiDg."  And  Hunter,  in  a  note  to  Evelyn's 
statement,  remarks:  "Nice  farmers  consider  the  lying  of  a  beast 
upon  the  ground,  for  one  night  only,  as  a  sufficient  teathe  for  the 
year.  The  breath  of  gntminivorona  quadrapeda  does  certainly  en- 
rich the  roots  of  grass,  —  a  circumstance  worthy  of  the  attention 
<^  the  philosophical  farmer." 

Whimsical  as  these  notions  now  seem  to  us,  it  roust  be  admitted 
that  there  ia  no  inherent  improbability  in  tbem.  It  is  a  fiimiliar 
observation,  that  many  varieties  of  weeds,  such  as  the  plantain, 
mallows,  may-weed,  and  certain  grasses,  follow  the  foot  of  man 
everywhere.  There  are  probably  other  plants  which  frequent  the 
haunts  of  cattle,  and  some  of  them  may  afford  good  pasturage.  On 
the  other  hand,  the  pressure  of  the  bodies  of  oattls  may  be  sure 
death  to  many  undesirable  plants. 

Teathiny  with  Smne. 

An  instance  of  teething. land  with  hogs  on  the  large  Mole  at  s 
cheese  fiictory  in  Canada  was  described  in  tlie  "Country  Gentle- 
man "  a  few  years  since.  This  factory  used  the  milk  of  500  cowa, 
and  the  whey  was  fed  to  100  or  200  h<^s.  The  hogs  were  kept  in 
a  ten-actfl  lot,  preferably  of  grass  land,  or  land  foul  with  thistles, 
and  the  whey  was  hauled  to  the  field  in  tanks,  from  which  it  was 
run  out  through  spouta  into  long  troughs.  Once  in  every  two  or 
three  days  the  troughs  were  dragged  into  new  places  by  means  of 
horses,  so  that  the  field  was  gone  over  methodically  from  one  side 
to  the  other.  In  this  way,  the  animals  vere  kept  healthy ;  the  field 
was  thoroughly  manured,  and  ploughed  also  by  the  snouts  of  the 
hogs;  while  the  roots  of  grasses  and  weeds  were  pretty  thoroughly 
destroyed.  At  the  end  of  summer,  the  land  was  found  to  be  in 
excellent  condition  for  winter  wheat. 
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Seal  Superiority  of  Ihimg  amd  Urine. 

One  important  oonsidemtion  in  ng<ml  to  the  action  of  &nnjud 
manure,  as  compared  with  the  action  of  aitificial  fertilicen,  lemftina 
to  be  discuBsed  men  fuUy  than  hea  been  done  hitlierto. 

If  the  qoeBtion  were  to  be  asked,  aquarelj,  Whf  ia  it  that  ftnn- 
jaid  mannie  oontinnes  to  be  go  much  more  highlj  esteemed  bj  &nn- 
era  than  the  commercial  fertilizen  aret  The  leply  might  &irlf 
enough  be  made,  in  wotds  that  have  been  used  alieodj,  Fint,  be- 
caose  farmerB  and  laborers  know  very  well  bow  to  manage  dung, 
while  they  have  still  a  great  deal  to  leara  in  respect  to  the  Use  of 
the  chemical  fertilizera.  Or  we  might  join  in  the  common  cry,  and 
■ay  that  dung  is  superin  to  the  chemicals  because  it  is  a  tolera- 
bly "  complete"  manure.  Or  it  might  be  urged,  as  has  otlen  been 
done  by  writen,  that  stable  mannre  exerta  a  nseful  physical  effect 
npon  the  soil,  particularly  on  stiff  clays,  —  an  effsct  such  as  nnist 
artificial  fertilizers  are  incompetent  to  bring  abont.  Or  it  may  be 
atgned,  very  properly,  that  stable  manure  is  of  the  nature  of  yeast, 
in  that  it  contains  great  stores  of  microscopic  organisms  which  work 
to  ferment  the  soil  and  to  make  the  nitrogen  in  its  humtiH  available 
for  crops. 

There  ia  much  of  tmth  in  each  of  these  assertions,  as  has  been 
urged  on  previous  pages.  They  do  undoubtedly  represent  seveial 
of  the  great  causes  which  work  to  maintain  the  snpiemacy  of 
dun^ 

Then,  again,  it  mnst  be  remembered  that  the  great  hnlk  of  form- 
yard  manure — no  matter  how  inconvenient  and  costly  this  bulk 
may  be  as  regards  the  application  of  the  matinre  —  is  really  of  the 
nature  of  an  advantage,  in  that  it  insures  a  tolerably  even  diatrib«i- 
tion  of  the  fertilizing  matters,  so  that  every  part  of  the  soil  becomes 
charged  with  them.  Hence,  as  a  rule,  wherever  larmyanl  manure 
is  applied  in  qnantities  large  enough  to  keep  the  land  in  good  con- 
dition, there  is  really  added  to  the  soil  a  great  store  or  reservoir  of 
plant-food,  both  in  respect  to  nitrogenous  matters  and  ash  ingre- 
dients. Moreover,  farmyard  manure  is  usually  obtained  very 
cheaply,  as  will  be  explained  in  another  place. 

TAtf  Nitrogtn  in  Manure  ii  Superior. 

But  there  is  still  another  reason  why  fiirmyud  manure  retuns  its 
supremacy,  and  it  is,  in  some  respects,  the  most  important  reason 
of  alL  It  depends,  to  all  appeatance,  upon  the  peculiar  condition  of 
the  nitrogen  in  natoial  manurea. 
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It  vill  be  temembeted  thkt,  beaide  nitrates  and  amtnouium  salta, 
plants  can  feed  upon  vsrioaa  other  nitrogenous  compounds,  such  as 
urea,  uric  acid,  liippuric  acid,  guaniu,  leucin,  tjroein,  and  the  like ; 
beside,  doubtless,  many  other  compounds  which  have  not  yet  been 
isolated  and  examined. 

It  is  known  ttiat  urine  and  dung,  i.  e,  farmyaid  manures,  contain 
a  variety  of  these  compounds,  and  there  is  every  reason  to  beUeve 
that  their  presence  in  natural  manuTes  ia  pacticaiariy  beneticial  for 
the  growth  of  crops  in  many  cases. 

As  has  been  explained  in  Volume  1.  of  the  Bulletin  of  Uie  Bussej 
Institution,  we  are  forced  to  admit  the  presence  of  some  soluble 
nitrogen  compounds  other  than  ammonia  or  nitrates  in  farmyard 
mannre,  in  order  to  explain  certain  fnniiliar  iacts  in  respect  to  the 
diffusion  or  soakage  of  dung  liquors  in  the  soiL 

As  every  farmer  knows,  the  earth  of  any  field  becomes  perfectly 
saturated  with  suluble  nitrogen  compounds  to  a  very  considera- 
ble depth  at  the  spots  where  dung-heaps  have  lain  undisturbed 
for  any  length  of  time.  Indeed,  the  places  where  dung  has  lain 
are  often  unfitted  for  the  growth  of  usefid  plants,  other  Uiaa 
some  rank-growing  tropical  vegetables,  such  as  water-melons  or 
pumpkins. 

Now  the  nitrogen  compounds  which  thus  surcharge  the  soil  tin 
evidently  not  ammonium  salts,  for  ammonia  would  be  fixed  near 
the  surface,  and  could  not  sink  so  far  into  the  earth.  Nor  are  they 
nitratea,  fbr  dung  liquors  are  seldom  rich  in  this  form  of  nitrogen. 
For  the  present,  it  ia  known  only  Uiat  they  are  soluble  organic 
nitrogen  compounds,  probably  of  the  same  order  as  some  of  those 
whose  names  have  just  been  enumerated.  Perhaps  there  are  sev- 
eral different  compounds ;  but,  however  that  may  be,  the  fitcts  go  to 
show  that  the  nitrogenous  dung  liquor  soaks  into  the  ground  with 
eapecual  ease ;  tliat  it  diffuses  itseli^  within  certain  limits,  in  all  di- 
rections; that  it  does  not  decompose  very  rapidly  in  cool  weather  ; 
that  plants  are  particularly  fond  of  it ;  and  that  it  is  not  so  easily 
washed  out  of  the  land,  perhaps,  as  nitrates  are.  From  all  this,  it 
is  manifest  that,  until  we  can  copy  this  valuable  peculiarity  of  the 
dungs,  our  so-o^led  artificial  processes  of  fertilization  will  labor 
under  one  great  disadvantage. 

The  experiments  just  now  alluded  to  as  having  been  reported  in 
the  BuBsey  Bulletin  were  as  follows.  Daring  a  oonple  of  years, 
trials  had  been  nude  with  a  variety  of  fertilizera  upon  a  level  field. 
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a  part  of  vhich  had  paiposelj  been  left  bare,  in  ordet  that  it  might 
be  nsed  aabeeqneutlf  for  another  eet  of  ezperiments.  Some  of  the 
experimenta  of  the  earl;  years  reqniied  dung,  aud  a  place  waa  aet 
apart  expreesly  for  the  reoeptioii  and  storage  of  it.  But  it  vas 
found  to  be  impracticable  adequately  to  guard  the  premieea  against 
irreaponsible  teamaters,  and,  in  iact,  eeveral  loads  of  the  manure 
vera  depoeited  by  mistake  upoa  the  fallow  land. 

Pains  were  taken  immediately  to  lemore  thia  misplaced  manure 
as  completely  as  poasible,  and  the  spots  when  it  bad  been  thrown 
were  carefully  marked.  Finally  it  was  found,  when  the  fallow 
land  came  to  bo  planted,  that  rather  better  crops  grew  on  the  places 
where  the  dnng  had  &llen  than  upon  the  adjacent  land,  although 
Hut  last,  as  well  as  the  dtinged  land,  had  received  large  dressings 
of  mixtures  of  phoephatic,  nitrogenous,  and  potasaio  mannrea.  It 
waa  plain  that  the  dang  had  made  iteelf  felt,  even  when  in  presence 
of  a  large  ezoeae  <^  the  chemical  fertilizers. 

Thanks  to  its  easy  and  even  diffusion,  and  perhaps  to  ita  being 
alile  to  supply  nitrogen  continuously  to  the  plants  throughout  the 
season,  or  to  its  being  able  to  supply  nitrogen  in  some  peculiarly 
fkvomble  form,  the  dung  did  unquestionably  exhibit  a  kind  or 
form  of  power  which  the  commorcioi  fertiliaen  lacked. 

Of  ooutse,  an  experiment  ancb  as  this  goes  itur  to  justify  and  sup- 
port the  prejudice  of  practical  farmers,  that  dung  is  really  a  better 
manure  than  the  jdanta  from  which  it  came.  It  goes  to  show 
witbal,  and  that  emphatically,  that  the  ploughing  in  of  a  green  crop 
may  be  a  very  inferior  method  of  manuring,  aa  compared  with  tbe 
common  system  of  transforming  the  crop  to  duug  by  means  of  cattle. 
Mid  then  putting  tbe  dung  upon  the  land.  But  if  this  inferiority 
be  real,  a  fatal  blow  in  struck  at  Boussingault's  dictam  that  cattle 
are  dimpaton  of  manure ;  and  wa  are  compelled  to  accept  with  but 
little  reservation  tbe  old  and  widely  spread  prejudice,  that  there  ia 
nothing  like  dung  and  urine. 

Guano  limilar  to  Dwty. 

The  question  arieee  immediately.  Is  there  not  among  all  the  com- 
mercial fertilizere  any  one,  or  perhaps  some  mixture  of  several,  which 
can  be  classed  with  farmyard  manure  in  lespect  to  this  uaeful  dif- 
fusibility  of  nitrogen  1 

Tesj  there  is  onn,  and  that  is  tbe  so-called  rectified  guano, — 
"unlocked  gnano,"  the  Germans  call  it,-— i.e.  Peruvian  guano 
which  baa  been  treated  wUh  sulphurio  acid.    Undoubtedly  tb? 


jbvGooglc 


68  AGRICL'LTUBE. 

original  Peruvian  guano  deserves  to  be  clamed  in  the  same  category ; 
but,  in  the  ezperiments  here  to  be  cited,  the  rectitied  guuio  approved 
itaelf  so  particularly  that  it  will  perhape  be  best  to  dwell  upon  it 
rather  than  upon  the  unimproved  »w  material 

In  one  word,  it  may  be  stud,  however,  that  the  moat  dnng-like  of 
all  the  oommercial  fettilizere  is  the  one  best  fitted  to  compete  with 
farmyard  manure.  It  will  be  observed,  that  in  this  &ct  we  have 
the  strongest  possible  indication  of  the  truth  of  the  dictum  that  it 
is  the  peculiar  nitrogen  compounds  in  farm  manure  that  give  it  its 
special  power.  Nothing  can  be  more  significant  of  the  fact  that 
this  nitrogen  is  really  the  efficient  cause,  than  the  other  fact,  that,  in 
seeking  to  compete  with  the  dungs,  experimenters  have  been  forced 
at  last,  after  trying  all  other  kinds  of  nitrogeniEod  fertilizers,  to  rest 
contented  with  what  is  really  another  kind  of  dung ;  or,  at  the 
least,  the  experimenters  have  brought  up  at  a  product  obtained  by 
the  chemical  treatment  of  the  bird  dung  (guano)  with  add. 

As  is  well  known,  guano  contains,  beside  ammonium  salts,  a 
quantity  of  uric  acid,  some  guanin,  and  small  amounts  of  various 
other  nitrogenized  organic  matters,  all  of  which  doubtless  have  a 
somewhat  different  action  upon  vegetation  from  the  ammonium 
salts.  Guano  is,  in  short,  one  of  the  most  complicated  of  all  known 
fertilizers. 

About  half  the  nitrogen  in  gnano  is  in  the  form  of  ammonium 
salts,  while  the  other  half  is  in  the  form  of  the  organic  compounds 
jnst  q>oken  uf ;  and  among  these  oi^nic  compounds  uric  seid  ia 
the  most  abundant.  The  true  original  Peruvian  goano,  that  con- 
tained some  12  or  13%  of  nitrogen,  contained  as  mnch  as  10  or  15% 
of  uric  acid  in  combination  with  ammonia,  as  has  been  seen. 

The  chemical  composition  and  the  behavior  of  uric  acid  are  totera- 
bly  well  known,  and  the  same  may  be  said  of  gusnin  also ;  but  of 
the  other  nitrogenized  matters  which  occur  in  small  proportions  in 
guano  next  to  nothing  has  been  ascerttuned  hitherto.  Chemists  are 
ignorant  as  to  the  composition  of  these  things,  and  as  to  their  rela- 
tions to  other  chemical  substances.  It  is  not  known  in  the  least 
how  tbey  behave  when  treated  with  salpburic  acid,  for  example. 

As  for  the  action  of  sulphuric  acid  on  uric  acid,  it  may  be  that 
some  of  the  aric  acid  is  changed  thereby  to  a  more  soluble  substance, 
though  the  supposition  is  lather  improbable.  It  was  urged  at  one 
time,  that  some  of  the  uric  acid  is  changed  to  ammonia  when  guano 
is  acted  upon  by  tnlphurio  acid.    But  Grouven  denies  this,  and 
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njs  that  he  finds  rerj  little  mora  smmomft  in  rectified  gnano  than 
In  crude  gn&no. 

At  fint  light,  the  chanoea  would  seem  to  be  that  the  nrio  acid  in 
mctified  gnano  mnrt  oome  to  the  earth  aa  snob,  —  mach  ■■  would 
have  been  the  caae  if  the  original  erode  gnano  bad  been  appUed  to 
the  land,  —  and  that  the  only  beneficial  action  of  the  aalphuric  acid 
taetment  ia  to  make  the  phoaphoric  acid  in  the  guano  soluble. 
But,  as  will  be  seen  direct!;,  there  is  some  evidence  that  works 
against  this  snppoaition.  It  maj  be  true,  after  all,  that  the  sutphurio 
acid  does  good  simply  by  killing  the  microdemes  in  the  crude  guano, 
and  thus  hindering  the  uric  acid  from  fermenting  when  the  gnano 
ia  mixed  with  the  soil.  It  is  not  at  all  improbable  that  uric  acid 
can  thus  be  preeerved  from  decompoaition  for  a  coaBiderable  period 
of  time,  and  so  kept  in  fit  condition  to  play  its  own  peculiar  part 
for  helpiog  the  growth  of  crops.  This  idea  is  stiengthened  by  the 
fact  of  obeerration,  that  gnano  when  admixed  with  a  germicide 
subatance,  such  aa  common  aalt,  often  does  particularly  good  aervica 
as  n  fertilizer. 

The  first  scientific  inkling  of  the  real  superiority  of  guano  over 
artificial  mixtures  of  the  so-called  chemical  fertilizers  was  got  by 
the  German  cbemiat  Uronven,  who  subsequently  studied  the  ques- 
tion in  some  detoiL 

In  1862  Groureu  had  a  number  of  field  experiments  with  fer- 
tiltzere  carried  out  on  the  large  scale,  upon  twenty  difierent  farms 
in  various  parts  of  Germany.  On  comparing  the  results  of  these 
experiments,  be  was  struck  with  the  feet  that,  as  a  rule,  the  mixtures 
of  ammonium  salts  and  superphosphates,  and  of  nitrate  of  soda  and 
anperphoephates,  that  had  been  employed,  failed  to  anewer  so  good 
A  purpose  in  respect  to  the  crops  harvested  as  rectified  gnano,  air 
though  it  had  been  proved  by  analysis,  at  the  start,  that  the  nixed 
fertUiaeia  used  contained  amounts  of  nitrogen  and  of  soluble  phoa- 
phoric acid  that  were  equivalent  to  those  in  the  rectified  gnano. 

Gronven  published  some  remarks  upon  this  point  at  the  time,  and 
dwelt  npon  the  noteworthy  circumstance  that  the  sale  of  rectified 
gnano  was  steadily  gaining  ground  in  Germany,  as  it  had  been  for 
some  little  time  previously,  in  spite  of  constant  effbrta  on  the  part 
of  the  mannlacturers  of  fertilizers  to  compound  a  mixture  artificially 
which  ahonld  be  equally  good  with  the  guano.  So  long  ago  as  1872 
a  large  proportion  of  all  the  gnano  imported  into  Germany  was 
treated  with  sulphuric  acid  before  it  reached  the  farmers'  bands. 
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In  Older  to  be  perfectly  bum  of  the  beta,  aa  above  stated,  Grou- 
ven  repeated  his  experiiueiits  in  a  very  thorough  way.  He  had  a 
number  of  triaU  carried  out  during  four  yeara  fay  aevetal  different 
fanutna  of  repute,  to  whom  he  furnished  fertilizers  that  hod  been 
analyzed  after  very  careful  pn»pantion.  These  fertiliieta  were  desig- 
nated by  numbeia  merely,  so  that  the  actual  esperimanteis— the 
&imeia  to  whose  land  they  were  appUed  —  hod  no  precise  knowl- 
eilge  of  what  they  ?ere  using,  and  coneeqnuitly  couhl  not  have  had 
any  very  foioible  bias  in  &vor  of  either  one  of  the  mixtures. 

The  following  table  of  avei^^  taken  from  the  great  mass  of 
GiouTeu's  results,  will  illnstnte  the  general  position  of  guano  in 
comparison  with  the  podtiona  of  other  manures.  It  will  be  seen 
that  the  action  of  the  guano  is  aUied  to  that  of  the  dungs,  and  that 
it  is  superior  to  that  of  the  umple  superphosphates,  niti&tes,  and 
ammonium  salts. 

Ikcreasb  of  Cnop  per  Heictaric  oter  tbb  UNBtritoiU)  Fiklds. 

(1  csnln.  ImU  =  i  tluler :  1  cmtii.  <ati  =  ■  thikn ;  I  oanlB.  ctosv  =  |  thdar.) 


Minnn  pur 
Bg.«>Rliilsa2. 

S? 

Oiu  mitl  Btnv 

Bwt  Hn) 

Tliilen, 

(t  emu.  =  M  kilo.) 

700  eenta.  cow  dung   . 

.     G«.t 

20.8 

S5.6 

700     "      hom  dung . 

.  e7.« 

30.4 

GS.0 

700     "      aheep  d.ing 

.     8*.4 

SB.4 

66.2 

0.S  Pemriku  giuno   . 

.     60.8 

11.6 

16.6 

)2.e       "           "        . 

.    71.2 

16.4 

16.0 

36.2       "           " 

.     96.2 

sag 

Sl.fl 

16.«ropetph.J.lS%  . 

.     SB.  3 

6.2 

S1.2 

81.2      *• 

.     42.1 

6.2 

86.6 

fl.a*nlpli»taof  ammon 

in    10.8 

0.0 

0.0 

12.6        " 

.     46.0 

4.0 

0.0 

6.9  nitrate  of  mmU     . 

.     S4.S 

2.8 

0.0 

11.8      " 

.     66.8 

5.2 

0.0 

All  the  dungs,  fertilizers,  and  seeds  came  from  one  and  the  b 
source.     The  sowing  and  harvesting  were  done  on 
and  the  plan  of  all  the  experiments  was  the  same. 

Of  course  it  would  be  natural,  in  so  far  as  this  table  alone  goes, 
to  explain  a  good  part  of  the  differences  by  falling  back  upon  the 
fact  that  giiano,  like  the  dungs,  is  a  tolerably  complete  manure, 
while  the  superphosphates  and  the  nitrogm  eompoonds  are  special 
manures,  and  altc^ther  one-aided ;  but,  as  will  be  shown  directly, 
this  explanation  is  wholly  insufficient. 
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As  eonfinning  Qroaves'e  results,  (he  following  table,  dnwn  np  bj 
Stoeckhardt,  may  be  cited.  It  vas  pnblisbed  in  1862  as  a  compila- 
tioD  from  all  the  field  ezperimentB  on  sugar  beets  that  bad  beea 
repotted  daring  seTeral  preceding  y eats. 

PcmiTiMi  giumo  gare  better  cn^  tbia  nitivte 

of  wih  in 11  out  of  S3  azptiinmila. 

Better  than  unmoDfum  Mlt*  ia 9  "      tO 

Better  thin  bone-mod  in 25  "     M 

Betttf  tban  ■iiperphDB[>hste  to 2S  "Si 

Better  tbu  npe-cake  id 20  "28 

Better  then  oow  uid  rumyanl  muiiiie  in    .     ■  14  "IT 

Better  than  hotM  Duanie  in fl  "13 

Bettor  tbu  nrine  or  birnyanl  liqnor  in      .    .  IS  "     IS 

Tbeae  result^  as  well  as  tbose  obtained  by  Grouven,  are  tolerably 
emphatic.  But  at  the  time  of  theae  trials,  as  Grouven  teports,  the 
repToacb  was  constantly  made  that  the  use  of  guano  alone  mnst  be 
injadiuious.  It  was  urged,  that  the  guano  contained  too  much  nitro- 
gen in  proportion  to  its  other  ingredients ;  that  it  was  consequently 
one-sided,  and  must  inevitably  tend  to  ezhauHt  the  land.  It  was 
atgned  that  it  is  too  uncertain,  especially  in  dry  years,  and  too  costly. 
The  advice  was  repeated  upon  every  hand  that  guano  had  better  be 
need  in  conjunction  with  other,  cheaper,  fertilizers,  euch  as  the 
superphosphates,  bone-meal,  and  potash  salts,  or  even  with  ammonia 
salts,  or  with  nitrate  of  soda,  so  that  no  more  than  half  the  cost  of 
manuring  a  Geld  should  be  spent  upon  guano. 

Among  other  receipts,  the  following  were  often  recommended, 
viz. ;  half  gnano  and  half  potash  salts ;  also  one  third  guano,  one 
third  potash  salts,  and  one  thiid  superphosphate  ;  so,  too,  mixtures 
of  guano  and  sulphate  of  ammonia,  and  of  gnano  and  nitrate  of  soda, 
were  lecommended  as  powerful  forcing  manures ;  and  it  had  been 
elaimed  at  one  time  or  another  for  all  of  these  mixtures  that  they 
were  surer  and  more  profitable  than  guano  alone. 

GrouYen  proceeiled  to  put  some  of  these  suggestions  to  the  test 
of  experiment.  Like  most,  if  not  all  agricultural  chemists,  he  had 
believed  a  priori  that  many  such  partial  aubetitutionH  as  the  fore- 
going wonld  really  be  more  rational  than  the  use  of  guano  alone. 
It  is  probable  that  his  real  purpose  in  trying  tbe  mixtures  wss  to 
find  which  among  them  was  the  most  efficient. 

He  tried  mixtures  in  which  one  third  or  one  half  of  tbe  guano  had 
been  replaced  by  two  other  fertilizers  of  equal  cost  with  the  goano 
(bat  had  been  removed.     His  reanlta  were  as  follows: — 
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Ho.  of  Canpul-  Hn.  rf  Btnlta 

■oiu  wttk  tfax  wan  Uiurtbia 
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UM 
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1< 
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1871 

7 

28 

S2 

i8n 

S 

8 

2 

Sum 

117 

38B 

2*0  =  82% 

That  u  to  Mj, 

117  different  fields 

them  were  210  results  foTorable  to  the  nee  of  simple  guano.  Then 
wfire  only  38  results  in  a  hundred  where  the  guauo  alone  jrielded 
smaller  crops  than  the  mixtures  of  guano  and  other  fertilizers. 

Of  course,  this  result  applies  to  rich  Germau  lauds,  and  donbt- 
lees  to  lands  that  were  more  evenly  and  abundantly  supplied  witli 
moisture  tlian  most  New  England  soiIa,  for  example. 

There  is  nothing  in  the  resutto  to  disauade  na  Americans  from 
using  potash  salts  with  guano,  or  from  using  guano  in  small  quan- 
tities as  an  additiou  to  other  manures.  Bat  as  an  illustration  of 
the  peculiar  attribute  of  guano  now  under  discussion,  the  results  are 
not  a  little  remarkable. 

It  may  be  said,  indeed,  that  the  table  really  means  more  than 
Grouren  claimed  for  it,  unce  it  shows  so  well  the  peculiar  efficacy 
of  the  nitrogenous  matters  in  guano  when  added  to  good  strong 
land,  such  as  the  beet  fields  of  Germany  are. 

The  soil  of  the  fields  where  these  experiments  were  tried  was 
natunlly  rich  and  strong.  It  needed  an  excitant  rather  than  a 
mixture  of  fertilizers ;  and  the  results  given  in  the  tables  show 
that  guano  and  the  dungs  aflbrded  the  necessary  nitrogenous  ex- 
citation. 

Next  in  order  come  experiments  in  which  plain  guano  and  rectified 
guano  were  contrasted.  The  following  table  relates  to  sugar  beetSL 
Each  plot  got  47  thalere'  worth  of  fertilizer.  The  crops  are  the 
meana  obtained  from  thirteen  different  fields,  eech  one  hectara  in 
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ExMM  ^  crop  ( wwbed  raoti) 

orer  Um  ntmuiiDTeil ,     .        ...     W.i 
Per  ceat  el  aogu  in  tbe 

joio 1S.7 

D^grwa  mmi^Hl  hf  Brix'a 

hTdranwtO'      ....        16.1 
Other  mttlcfa  btude*  mgM 

in  the  Joioe,  p«r  mill*    .        S7.0 
Inrreua  of  sogw  orgr  tbe 

nnimnand 0.3  oentn.    11.5  cmtii.      li.S  a 


Cradafwn- 

TteoOUtM. 

IDCoito. 
BactlBed 
OnuOL 

SCO  Mnta. 

103.0  cent 

l».fl 

H.1 

K.8 

16.0 

83.0 

26.0 

Here  is  a  marked  inciewe  of  crop  in  fiivor  of  the  rectifiod  guano, 
«  compajed  with  ths  crude ;  and  the  result  was  true,  uot  merely 
for  tbe  average  of  all  the  cases,  bat  for  tbe  greater  somber  of  casea 
as  well  And  it  is  remarkable  that  tbe  rectified  guano  waa  so  much 
better  than  the  cnida,  in  spite  of  the  fact  that  the  1,100  lb.  of  cmda 
gnano  which  were  used  to  the  hectare  (410  lb.  to  the  acre)  con- 
tained one  fifth  more  nitrogen,  and  one  fifth  more  phosphoric  acid 
than  were  contained  in  the  aane  weight  of  tbe  rectified  gnano. 

The  lecttfied  goano  crops  gave  a  much  purer  jaice  withal.  Tbej 
contained  more  sugar  and  less  saline  matter  than  the  others.  But 
a  pnre  juice  like  this  is  a  great  gain  for  the  sugar-maker,  since  in 
the  absence  of  salts  and  other  impurities  tbe  sugar  crystallizes  out 
mors  readily  and  more  completely.  Even  tbe  undnnged  fields, 
which  are  commonly  held  to  yield  tbe  paieat  aap,  gave  raanlts 
which  were  inferior  in  this  respect  to  the  fields  that  bad  been 
dressed  with  the  rectified  guano. 

This  reanlt  is  remaikable  from  the  scientific  point  of  view,  and 
may  perhaps  lead  eventually  to  a  clearer  understanding  of  bow  and 
why  it  is  that  plants  take  in  the  unnecessary  ralta. 

Orouven  remarks,  that,  while  no  fertilizer  or  mixture  of  fertilizers 
known  to  him  baa  in  general  so  beneficial  an  effect  upon  the  qual- 
ity of  beet  juice  as  rectified  guano,  no  suoh  effect  can  be  attributed 
to  erode  guano.  On  the  contrary,  the  tendency  of  crude  guano  ia, 
if  anything,  to  injure  the  quality  of  beet  juice. 

From  this  feet,  Grouven  draws  the  inference  that  tbe  action  of 
■olpbufio  acid  upon  guano  must  be  in  reality  more  emphatic  than 
any  one  would  have  been  disposed  to  believe  a  priori.  He  argues, 
that  no  mare  change,  such  ns  the  fixing  of  the  ammonia  in  the 
gnano,  or  the  rendering  of  its  phosphoric  acid  soluble,  can  be  sup- 
posed to  produce  a  physiological  effect  upon  the  beet  root  so  striking 
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aa  this  alteration  of  the  juice.  But,  as  was  aiiggested  befure,  it 
is  iiot  ioiposaible  tlmt  the  sutphuric  acid,  by  destroying  fenueut 
germs  in  the  crude  guano,  may  hinder  its  uric  acid  from  changing 
either  to  ammonium  carbonate  or  to  nitrates,  and  so  permit  the  uric 
acid  to  feed  crops  in  its  own  peculiar  way  during  a  considerable 
part  of  their  terms  of  growth. 

Urouven  next  proceeded  to  contrast  rectified  guano  with  certain 
so-called  substitutes  for  it  that  bad  beea  thrown  upon  the  German 
market  in  lai^  quantity.  One  of  these  guano  substitutes  was  a 
mechanical  mixture  of  50  lb.  of  snlpbate  of  ammonia,  with  about 
9  J  lb.  of  nitrogen,  and  50  lb.  of  Baker  Island  superphosphate,  with 
about  9J  lb.  of  soluble  phosphonc  acid ;  while  another  (less  com- 
mon) was  62  lb.  of  nitrate  of  soda,  with  about  9J  lb.  of  nitrogen, 
and  50  lb.  of  Baker  Island  superphosphate,  with  9^  lb.  of  phos- 
phoric acid. 

Of  the  first  of  these  mixtures  100  lb.,  and  of  the  second  112  lb., 
were  very  nearly  chemically  equivalent  to  100  lb.  of  the  rectified 
guano  with  which  they  had  to  compete. 

It  will  be  noticed  that  Grouvan  leaves  the  potash  in  the  gnano 
entirely  out  of  the  account,  which  is  unfortunate  for  the  New  Eng- 
Isuder,  since  he  cannot  escape  the  conviction  that  it  most  have 
had  a  certain  amount  of  beneficial  action.  It  is  to  be  remembered, 
however,  that  many,  if  not  most,  of  the  rich  German  soils  contain 
an  abundance  of  potash,  and  that  there  was  a  mass  of  farm  experi- 
ence to  justify  Grouven  and  the  makers  of  fertilizers  in  neglecting 
potash.  In  the  experiments  where  crude  guano  and  rectified  gnano 
ware  contrasted,  there  was  of  course  more  potash  in  the  cmde  than 
in  the  reotifiad  material 

As  for  the  guano  snbetitntea  just  spoken  o^  the  cost  of  either  of 
them  was  very  nearly  the  same  as  the  cost  of  rectified  guano,  at 
the  time  when  Grouven  mode  hia  experiments. 


M  Cmtn.  Nttnt*  of        S.SCmtB.  Bnlpb. 
Soda  -f-  ye  OentiL      Ammonii  -f-  S.S  Oanta. 
Bapeiphogpbits.  Bnpen>liMplwta. 


Since  the  average  yield  of  all  the  manured  plots  was  303  cent- 
ners of  potatoes,  it  appeared  that  the  increase  was  28,  71,  70,  and 
78  centners,  respectively.     Moreover,  the  potatoes  from  the  rectified 
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gnano  fielila  were  Bomewbot  riuber  ia  atarch  ttum  those  from  Uie 


Cesthirs  of  Potatoks  rzM,  1  Heotasi,  Hkans  or  16  Huvtvn 


Mnn  toUI  hirvaet 


CflDtD.  fljiMir^ 


Gronven  very  jnatly  remarks,  that  the  leader  must  not  be  de- 
ceived by  the  absolute  emaUuesB  of  the  namhera  as  here  dted. 

Since  the  figuree  are  the  means  of  mauy  experimente,  —  some  of 
which  were  of  no  account  either  way,  and  some  of  which  gave  re- 
sults that  were  contrary  to  the  majority  of  tba  results,  —  they  can 
hardly  foil  to  be  small.  But  they  nevertheless  represent  the  real 
Buperinrity  of  the  rectified  gnano. 

Moreover,  it  is  a  fact,  that,  ont  of  36  different  fields,  the  recti- 
fied guano  gave  decidedly  bettor  results  in  24  instances  than  its 
ammoniacal  competitora.  That  is  to  say,  the  gnano  gained  the  day 
in  two  out  of  every  three  of  the  trials. 

So  too,  ont  of  33  fields  where  the  rectified  gnano  was  put  in  com- 
petition with  mixtures  of  nitrate  of  soda  and  a  superphosphate,  the 
gnano  ezoelled  in  22  instances,  or  two  times  out  of  tbiee^  again. 

Taking  the  wh<de  46  cases  (24  ~\-  22)  where  the  guano  gave  the 
best  resolts,  it  appeared  that  the  average  excess  of  crop  due  to  tlia 
guano,  over  and  above  what  was  yielded  by  the  substitute,  was 
3,322  lb.  of  potatoes  per  hectare.  But,  on  the  other  hand,  in  the 
23  instances  (12 -{-11 )  where  the  substitutes  for  guano  gave  the 
best  crops,  it  appeared  that  the  gain  over  the  guano  was  no  more 
than  2,684  lb.  of  potatoes  per  hecUre. 
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Or,  to  stim  up,  the  rectified  goano  vu  better  than  the  proposed 
Bubstitutes  in  two  thirds  of  all  the  trials,  and  produced  on  the  aver- 
age some  1,300  and  odd  pounds  of  potatoes  more  per  acre  than  the 
equally  costly  substitutes. 

It  might  be  said,  indeed,  by  some  persons,  that,  although  the 
forgoing  statements  may  be  true  enough  as  r^;ards  potatoes,  they 
might  not  hold  true  for  giaiu.  Bat  the  burden  of  proof  would  lie 
upon  whoever  waa  bold  enough  to  make  eucb  a  suggestion  as  tins ; 
fur  it  is  well  known  that  guano  is  an  excellent  application  for  grain, 
and  that  the  more  thoroughly  a  manure  can  diffuse  itself  into  all 
ports  of  the  soil,  so  much  the  better  will  the  grain  crop  be  eutted  ; 
and,  as  Grouven  urges,  it  is  precisely  this  power  of  rapid  and  usefnl 
diffusion  which  makes  the  rectified  guano  a  better  fertiliser  than  the 
substitutes. 

The  abjection  would,  moreover,  have  been  refuted  by  the  hct, 
that  by  for  the  larger  part  of  the  rectified  guano  sold  In  Gennanj 
at  that  time  was  used  upon  grain  crops. 

Grouven  cites  the  following  experiments  as  illustrating  this  fact 
of  useful  diffusion.  Two  loamy  fields,  that  had  not  been  manured 
for  five  years,  were  divided  into  plots  of  1,900  square  feet.  Barley 
was  gmwn  upon  one  of  these  fields  one  year,  and  the  year  after 
wheat  was  grown  upon  the  other.     The  results  were  as  follows  :  — 

IrtFldd—BHlv.  «'»"'«««■  I^^idd.    «»^         «"»■ 

Ik  11).  Ih.  Ik 

No  nunaTs ...  1S.«        S6.7 

1S.1  lb.  |iho^hat«  of  amiiMnia      S.8  7-S  I4.<         K.O 

SO  lb.  goanc S.S  S-S  84.4         «.a 

1S0& 
M  Field.— ViMat. 

Nonwuare ,..  BS.S         6G.B 

11.9  IbL  phoaphste  at  smmonia      2.G  «.i  43.0         77.B 

18.81b.  guano 2.6  3.4  dS.B       1GS.0 

The  upshot  of  the  matter  is,  clearly,  that  the  nitrogenized  con- 
stituents of  the  guano  do  better  service  than  the  nitrogen  of  the 
ammonia  compounds  and  the  nitrates ;  or,  rather,  that  they  do  a 
certain  kind  of  service  which  the  ammonia  salts  and  the  nitrates 
are  ntiable  to  perform. 

Both  the  ammonium  snlta  and  the  nitrates  are  well  enough  as  ftr 
as  they  go,  and  it  may  perhaps  be  true  that  the  ammonia  salts  in 
guano  do  as  much  good  oa  either  of  the  other  nitrogenous  constitu- 
ents which  the  guano  contains,  or  even  mora    But  there  is  evidently 
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,aonia  snliataiice  in  gnano,  and  in  animal  excrameDts  in  general, 
which  helps  and  ninforces  the  ammonia  salts. 
Qnano  with  StUphaU*. 
Some  ezperimenta  may  here  be  cited  in  which  mixtarea  of  guano 
and  gypenm,  or  guano  and  Epeom  salt,  gave  good  resolta  when 
contrasted  with  mere  gnono.  These  resnlta  may  perfaape  eventn- 
ally  help  to  explain  the  superiority  of  rectified  guano,  although  their 
full  meaning  cannot  as  yet  be  seen.  Krocker  made  experiments  on 
oata  and  on  wheat,  as  follows  :  — 

Oath  ok  a.  Clat  Soil. 

OnaK<>itni(=0.eilAcn)DtLud.  q^j^  "sSwuidCIu* 

1  ewt.  orgn&Do 420  S,SSO 

1  ewt  of  gnkDo  treated  with  5  lb.  of  Milpharie  add  410  8,000 

lewt  of  gnano  and  1  cirt  otgypram      .    .    .     •  6110  S,S10 

Oats  oh  Sandt  Loah. 

lowtofgnnw COS  S,SS3 

lewt.  of  guuo and S  lb>  oTsidphiiriaackl  .    .    .  010  S,fllS 

lcwt.of  guano  and  Icwt.  of  g^pHim     ....  773  %m 

WnxAT  OK  A  Clat  Soil. 

1  ewt  of  gnsao SIS  t,OM 

1  cwt.  of  gnano  and  6  lb.  of  «a1phnria  acid  .     ,     .  880  S.SIO 

1  ewt  of  gnano  and  I  cwt,  of  g^panm      ....  B70  S,370 

These  results  go  to  show  tliat  the  good  effect  of  the  rectified 
guano  cannot  depend  solely  on  the  existence  in  it  of  soluble  pho» 
phoric  add.  Moreover,  it  con  hardly  be  true  that  the  action  of  the 
gypeum  to  set  free  potash  from  the  double  silicates  in  the  soil  is  the 
sole  cause  of  the  increase  of  the  crops,  for  some  gypsum  was,  of 
course,  formed  by  the  addition  of  snlpharic  acid  to  the  gnano,  as 
stated  in  the  second  line  of  each  division  of  the  tabl& 

Uellriegel  urged  that  snlpbate  of  magnesia  mixed  with  gnano 
would  decompose  its  ammonium  salts,  with  formation  of  non-volatile 
sulphate  of  ammonia,  which  is  less  subject  to  decomposition  than 
the  urate  and  oxalate.  Experiments  on  winter  rye  that  were  made 
at  his  snggestion  gave  t)ie  following  results  :  — 

OnlD.  Btnv  mud  ChaC 

Ko  nianara 448  1,S38 

1  ewt  gnano S44  1,68S 

1  ewt  gnano  and  10%  mlpbato  oi  magneslB  .     .     G72  1,6M 

In  another  locality  the  results  were  as  follows :  — 

1  cwt  fpano SE«  1,394 

1  ewt  gnano  and  10%  solphate  of  magtMsla  .    .    447  1,637 
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The  Merit  of  Dtmg-iUtrvge*  tkauld  bt  recognued. 

Although  it  IB  not  ^et  known  pTecigely  how  or  when  the  oi^g&nio 
nitrogeii  compounda  ia  dung  ot  gunno  do  their  woik  in  the  soil, 
the  fact  of  such  ignomnce  should  not  deter  any  one  in  the  least, 
uther  &om  reuoguiziug  that  a  peculiar  kind  of  work  is  done,  or  from 
allowing  for  it  as  a  practical  force. 

The  chances  are,  that  the  merit  of  the  dung  or  gnano  nitrogea 
depends  not  only  on  its  being  evenly  distributed  in  the  soil,  but  also 
upon  its  offeriag  food  to  the  plant  sucessively,  coDtinnously,  and  by 
instalments.  As  has  been  said,  ammonium  salts  are  liable  to  b« 
fixed  by  the  soil  too  near  the  surfiice,  and  to  be  changed  mora  or 
leas  speedily  to  nitrates  and  to  inert  humus ;  while  the  nitrates 
tend  to  be  washed  out  of  the  soil  alt<^ther. 

Gvano  (and  Dung)  a  very  itiiimate  Mixlwre, 

Another  thing  to  be  said  is,  that  artificial  mLZtums  of  fertilizera 
can  never  be  made  so  intimate  as  the  guanos  and  dungs  are  nata- 
rally.  The  smallest  kernel  of  guano,  like  aQ  the  other  kernels, 
large  or  small,  contains,  namely,  a  great  variety  of  fertilizing  matters. 
But  when  a  niixtuie  of  an  ammonium  salt  and  a  superphosphate 
is  scattered  abroad,  or  when  the  two  substances  are  applied  to  the 
land  one  after  the  other,  there  will  inevitably  be  left  great  gaps 
and  interspaces  between  the  unlike  particlee  when  they  fall  npoa 
the  ground. 

The  futility  of  trying  to  copy  guauo  precisely  has  been  urged  bj 
Dr.  Voelcker  in  thp  following  terms.  Take  the  case  of  milk,  he 
says ;  ws  know  the  composition  of  milk  br  better  than  we  know 
the  composition  of  guano.  But  the  beet  mixture  we  can  make  of 
casein,  sugar,  butter,  ash  ingredients,  and  water,  all  in  the  proper 
proportions,  can  hardly  be  called  milk,  and  no  one  would  expect 
such  artificial  milk  to  produce  precisely  the  same  physiological  inflect 
as  real  milk.  And  so  it  is,  he  goes  on  to  say,  with  oar  substitutes 
for  guana 
The  old  Hvmnt  Thenrg  an  ExpretnoR  0/  the  real  Merit  of  Dnng. 

It  vas  probably  fhtm  observing  the  great,  and,  as  is  now  known, 
the  peculiar,  fertilizing  power  of  barnyard  liquor,  —  which  they  not 
unnaturally  rogarded  as  a  solution  of  humus,  —  that  the  older  agri- 
cnltnrists  wera  led  to  attach  an  exaggerated  importance  to  humus, 
considered  as  a  kind  of  plant-food.  Indeed,  the  so-called  humus 
theory,  which  for  many  years  was  a  prominent  article  of  &ith  among 
agricultural  writes,  probably  depended  in  good  part  on  (bia  obser- 
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Tation,  utd  on  the  palpable  fertiliiing  power  of  vell-iotted  dang. 
When,  for  example,  Ulubeck  aaid  that  "  the  extract  bom  rotten 
oigauic  nmains  funns  the  proper  nourishiuent  of  plants,  and  that  it 
JB  mora  efficacioDB  in  proportion  as  it  has  come  from  &  variety  of 
animal  and  vegetable  subetauoea,"  it  seenu  plain  that  he  mnst  have 
been  thinking  of  the  draiuinga  of  dung^heapo.  So  too  the  favor  ia 
which  thoroughly  rotted  dung  was  held  probably  depended  in  part 
on  its  looking  like  bnmus;  while,  converaely,  much  of  the  credit 
so  long  accorded  to  hnmos  may  justly  be  attributed  to  its  looking 
like  lotted  dung.  The  habitoal  use  by  New  Englanders  of  the 
word  "  muck  "  as  a  synonym  of  bog  earth  is  manifestly  an  expres- 
(don  of  this  idea. 

Fete  Cammeraal  FertUuen  dij'iue  readitj/. 

One  of  the  limitations  to  which  most  commeroial  feitilims  are 
■nbject  was  clearly  indicated  at  the  Busaey  Institution  on  seeking 
to  recuperate  with  chemicals  a  field  of  rather  poor  land,  after  a  vari- 
ety of  experiments  had  been  made  upon  it  during  a  term  of  yean 
with  special  fertilizers.  It  than  appeared  that  it  was  no  easy  matter 
to  mix  some  of  the  artificial  fertilizers  properly  with  the  soiL 

Excepting  superphosphate  of  lime  and  nitrate  of  soda,  the  fertil- 
izers  appeared  to  be  fixed  for  the  most  part  where  they  fell  upon  the 
exhausted  soil ;  and  it  seemed  as  if  the  subsequent  crops  bad  to 
straggle  with  streaks  and  eearaa  of  poor  soil  interspersed  with  streaks 
of  soil  that  were  over  rich  in  respect  to  one  or  another  kind  of  fer- 
tilizing agent.  These  results  went  to  show  tbst  the  ploughing  in  of 
green  crops  may  have  real  merit  as  a  means  of  refreshing  worn-out 
soils,  Gonsidsred  merely  as  a  means  of  distributing  the  fertilizing 
matters,  or  rather  of  putting  them  where  they  will  do  the  moot 
good. 


CHAPTER   V. 

NIGHT-SOIL. 

Aft  has  been  set  forth  already,  there  can  be  no  doubt  that  fresh 
human  exciementa  are  richer  in  fertilizing  matters  than  those  of 
&rm  animals.  The  food  of  man  is  commonly  much  muro  concen- 
trated than  that  of  animals.    It  is  richer  in  r%apect  to  nitrogen  and 
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pboephatoa,  and,  u  analTda  ehow^  ths  azeremeQts  deriTod  from 
Buch  food  an  conespoodinglj  coucentisted  and  valuable.  Gun- 
traated  analjraea  of  Tarioua  dunf^  aud  uiines  have  alnad;  been 
given  in  Volume  I,  and  it  would  be  eaay  to  cite  a  couaiderabia 
list  of  similar  deteimiaations.  According  to  Wol^  the  avenge 
eompoaition  of  human  excrements  is  as  foliows  :— 

%  %  %  %        %  %  % 

Fmh  huinui  tmcm     77.3       1B.8  1.0         LIO     0.S5       0.63      D.U 

Fnah  liDiiuii  oriDB     9S.3         3.1  O.B         0.17      0.30        0.(13      0.03 

Mixton  of  the  two     Bt.fi         B.l  0.7         0.3A      0.31        0.09      0.04 

As  ordinaril/  procurable,  night-soil  is  fiir  from  containing  so  large 
%  proportion  of  fertiliung  matters  as  fresb  excrement,  because  of  the 
farmsntations  and  leachinga  to  which  it  is  usually  subjected,  and 
because  of  its  liability  to  be  mixed  with  water  and  with  other  dilu- 
ents, such  as  ashes  and  other  rubbish.  Indeed,  oue  strong  o^ection 
to  the  use  of  uight-suil,  as  obtained  at  random  from  a  town  or  city, 
is  its  great  liability  to  variation.  The  farmer  can  seldom  be  sure  as 
to  the  real  value  of  any  given  load  of  it,  —  not  nearly  so  sue  as  hs 
would  be  in  the  case  of  horse  manure  or  cow  dung. 

Some  conceptions  as  to  the  avoiage  compoeition  of  good  n^t- 
soil,  as  taken  from  vaults  not  subject  to  leaching  <a  dilution,  may 
be  got  from  the  following  table  of  analyses. 

Analtsks  or  Nioar-soiL  (iioarrLT  Lignm)  fkom  TAin.Tfl. 

W^.  2kS  "^    'Jaf-    Pocih.   ite   ££ 

<lDMiMT(B«rUlli!>,Ofnnlla      %  %  %  %  %  %  % 


(notdUDtod)* H.H 

7M 

a.iB 

OJB 

oja 

OM 

0.U 

om 

OM 

aU=tod-lUi  11-14%  ..(■•     M.M 

0.10 

0.U 
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In  some  paitB  of  the  wotld,  notably  in  Cliina,  Japan,  and  Bel- 
gium, human  excremeuta  are  highly  eatoemed  and  largely  UMd  aa 
fertilizen.  But  it  ia  noteworthy,  that  little  or  no  repugnance  ia 
there  felt  with  regard  to  the  etoring,  tranaportation,  and  manipula- 
tion oC  the  material ;  and  it  is  certain  that  the  proceaaes  ouotomary 
in  thoaa  countries  would  not  be  tolerated  in  oountriee  mote  keenly 
alire  to  considerationa  of  decency,  comfort,  and  health. 

BepugnaiKt  a/  EnffluA-tpeaJii»g  Raeet  to  Night-m>iL 

In  England  and  America,  most  persona,  fiinn  laborers  included, 
i^ard  the  emptying  of  ceaapoola,  and  even  the  application  of  nigbt- 
soil  to  the  land,  as  loathsome  and  degrading  drudgery,  to  be  avoided 
whenever  poasible ;  and  there  can  be  do  qneetiun  that  thia  repug- 
nance is  justifiable  and  commendable  when  not  carried  to  ex- 
ttemea.  That  the  feeling  marks  a  certain  progreaa  in  refinement, 
and  in  civiliiation  even,  cannot  be  gainsaid.  All  piacticea  which 
tend  to  destroy  the  self-respect  of  the  persons  that  engage  is  them 
ate  manifestly  ont  of  place  in  civilized  communities.  From  the 
accounts  of  tiavellets  in  China,  it  is  evident  how  exceedingly  offen- 
sive the  manipnlation  of  night-soil  may  become  whenever  the  agri- 
cultural belief  in  its  efficacy  is  generally  diffused  in  a  given  locality, 
and  ia  permitted  to  override  other  considerations. 

Undoubtedly  the  repugnance  of  the  English-speaking  raoea  to 
have  any  dealings  with  night-soil  is  one  prominent  reason  why  this 
substance  has  played  so  small  a  part  in  the  development  of  Englisli 
and  American  agriculture.  But  it  is  not  the  only  reason,  for,  as  was 
just  now  said,  the  eonteute  of  cee^mols  that  have  been  left  far  some 
time  to  themselves  undergo  fermentations  of  such  character  that  the 
matter  loses  a  very  considerable  part  of  its  value.  Much  of  the  nitro- 
gen, especially,  ia  apt  to  fly  off,  and  leave  the  residual  substance  so 
much  the  poorer ;  and,  as  has  been  aaid,  old  ni^t-soil  is  liable  to 
be  rather  poor  staff  any  way. 

Uoreover,  night-soil  is  a  less  complete  manure  than  the  sttawy 
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})rodactB  ordinuilf  obttuned  in  the  farmyaid.  Indeed,  it  wu  ob- 
jtsctad  to  fonnerly  becaum  of  its  forcing  choKcter  and  euppoaed 
tendency  to  exbauat  the  load,  'i'liia  difficulty  could  readily  be  met 
iiowadays  by  usiug  appiopriate  artificial  fertilizerB,  notably  potaab 
Goinpouuds,  in  conjunction  with  the  iiight-soiL  Some  farmers  near 
Boston  have  found  their  advantage  in  using  night-soil  together  with 
strawy  horBe-manore ;  for  the  two  kinds  of  manure  supplement  each 
other  in  some  part  as  regards  chemical  cowpoaitiou,  and  ths  odor  of 
the  hoiM  dung  masks  that  of  the  night-soil. 

Undue  Praite  of  Nighl-tnit. 
It  is  a  curioos  fact  that,  in  spite  of  the  unwillingness  of  English- 
men and  Americans  to  handle  night-soil,  many  people  in  both  coon- 
tries  entertain  highly  exo^^rated  viewe  with  r«gatd  to  the  money 
Talue  of  it.  Formerly  it  was  much  the  feshion  also  to  attach 
undue  values  to  pondrette  and  other  products  prepared  from  night- 
soil.  Far  too  much  stress  used  to  be  laid  withal  apon  the  fact  that 
there  were  formerly  several  citiee  in  Europe  —  notably,  Sttaesbur)^ 
Lyons,  Antwerp,  Oetend,  and  several  otlier  Belgian  towns,  in  re- 
gions given  over  to  the  old  Flemish  system  of  using  liquid  manures 
—  that  received  oonsidemble  sums  of  money  from  contractors  who 
nmoved  the  niglit-eoil  and  eoM  it  as  manure,  instead  of  having  to 
pay  out  money  in  order  that  the  night-soil  should  be  removed. 
This  matter  turns  of  coarse  npon  the  eBtimntion  in  which  night-soil 
is  held  by  the  furmere  in  the  ininiciliste  vicinity  of  tlie  city,  and 
there  is  a  wide  diversity  of  opinion  in  different  localities. 

In  most  cities  of  Continental  £uro]te,  however,  the  removal  of 
night-soil  and  sewage  is  a  bill  of  expense,  as  it  is  in  Enghnd  and 
America.  Taking  the  whole  civilized  world  into  consideration, 
less  and  less  use  is  made  of  human  excrements  every  year,  nnd  the 
cost  of  getting  rid  of  the  filth  of  cities  t^nds  continually  to  increase. 
At  Boston,  it  must  be  admitted  that  night-soil  is  a  very  cheap  source 
of  nitn^enoue,  and  even  of  pbospliatic  manure,  for  those  farmers 
who  caie  to  use  it.  Maiket  gardeners,  in  particular,  so  situated  that 
they  can  readily  dilute  the  material  with  water  and  apply  the 
diluted  liquid  to  crops,  would  probably  find  their  advantage  in 
building  special  reservoirs  for  its  reception. 

Sanitary  C(m»ideratu»ui  taJee  Prfctdence. 

In  reality,  the  price  which  a  city  may  obtain  for  night'Soil  is  not 
a  question  to  be  seriously  considered.  The  fact  that  a  city  expends 
no  money  for  removing  night-soil,  or  that  it  gains  money  by  the 
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sala  of  it,  canBot  for  a  moment  jmtifjr  the  maiDtaiiiing  of  vaults 
and  other  abominations  in  its  midst.  From  the  point  of  view  of 
the  citizen,  it  is  in  terms  of  health  and  of  comfort  that  the  probietn 
must  be  conaidered,  and  not  in  ternia  of  money.  It  natters  not 
what  the  night-aoil  of  a  atj  may  be  worth,  so  long  as  sanitary  con- 
sideiations  require  that  the  otfensiva  material  should  be  immediately 
diluted  with  such  an  enormous  bulk  of  water  or  earth  that  the  re- 
covery or  utilization  of  the  fertilizing  ingredients  would  cost  more 
labor  or  carnage  than  they  are  worth. 

SstimaUd  Val*e  of  SxcremmU. 
Several  chemists  have  computed  how  much  plant-food  is  contained, 
on  the  average,  in  the  solid  and  liquid  excrements  of  a  man  in  a 
day  and  in  a  year.  The  following  table,  from  Heiden,  which  is 
based  on  a  large  number  of  analyses,  refers  to  the  average  inhabitant 
of  a  city,  excluding  children  less  than  five  years  old.  The  weights 
in  the  columns  beaded  "  Year  "  are  pounils  avoiidupois. 

In  Solid  Fdhii.  In  Liquid  Form.  ToUL 
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Allowing  that  the  nitrogen  is  worth  18  cents  the  poiind,And  tlio 
phosphoric  acid  and  potash  5  cents  the  pound  each,  the  yearly  value 
of  the  excrement  of  a  single  person  would  be  $2.2S,  supposing  it 
were  possible  to  put  the  excrnmeute  to  immediate  use.  On  multi- 
plying this  sum  by  hundreds  of  thousands  ora  million  of  inhabitants, 
or  even  by  several  miUiona,  as  has  been  done  again  and  again  in  the 
case  of  London,  figures  are  obtained  of  enormous  magnitude ;  and 
many  persons  have  been  led  to  believe  at  one  time  or  another  tliat 
some  port  of  these  calculated  values  might  actually  be  realized.  Nu- 
merous, and  in  several  instances  tboronghly  well-considered  eRbrts, 
have  been  made  to  accomplish  this  result ;  but,  with  some  trifling 
and  limited  exceptions,  such  schemes  have  invariably  failed. 

As  will  be  seen  from  the  table,  so  Lirge  a  proportion  of  the  weight 
of  human  excrements  consists  of  inert  and  worthless  matters,  to 
begin  with,  that,  at  the  very  best,  night-enil  cannot  possibly  bear 
the  cost  of  transportation,  even  fiir  roodciate  distances;  ai)d,  as  will 
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be  bUowh  directly,  it  is  no  easy  matter,  economically  apeakiuj^  to  re- 
cover any  part  ut'  the  valuublo  coiutituents  lioin  a  material  which 
containa  ao  amall  a  proportion  of  them,  and  which  ia  ao  offensive  to 
manipulate. 

Tlie  lai^e  pioportion  of  water  naturally  contained  in  human  ex- 
cremeiita  ia  of  itself  an  enormous  obstacle  to  their  uae  in  agricul- 
ture. As  has  been  stated  already,  analysis  abuws  that  tlie  water  in 
fresh  fsecea  amounts,  on  the  average,  to  more  than  75%,  while  iu 
urine  there  is  usually  some  95  oi  96%  of  water.  So  that,  even  if 
there  were  no  such  thing  as  watei-cloaets,  and  if  appliances  were  de- 
vised to  prevent  rain-water  end  house  slops  from  mixing  with  night- 
soil,  and  for  Icecping  the  latter  fresh  and  for  transporting  it  without 
offence,  it  would  still  be  true  that  the  proportion  of  useful  ingro- 
dients  in  the  iiiasa  of  water  and  other  useless  matters  that  chiefly 
constitute  night-soil  is  too  small  to  admit  of  the  general  use  of  this 
kind  of  manure. 

Until  some  cheap  and  easy  method  sbsU  be  discovered  of  depriT- 
iug  the  excrements  of  their  moiatuie,  the  use  of  them  must  inevi- 
tably be  restricted  to  the  immediate  neighborhood  of  thespot  where 
they  are  produced. 

Some  years  ago,  an  English  engineer  named  Bridges  Adams  pro- 
posed to  introduce  into  London,  instead  of  waterclosete,  a  mechani- 
cal arrangement  by  means  of  which  urine  and  feeces  should  be 
collected  apart,  so  that  the  urine  might  be  barrelled  up  and  scut  by 
nil  into,  tlie  country,  Mr.  Adams  argued  that  profit  could  be  de- 
rived from  such  commerce  in  uriue,  of  which,  as  be  calculated, 
24,428  tons  could  be  collected  annually  in  London,  But,  as  was 
ahown  at  the  time  by  Dugold  Campbell,  the  conception  was  founded 
on  ignorance.  Sincey  on  the  average,  no  more  nitrogen  could  be 
counted  upon  in  the  urine  than  would  be  equivalent  to  0.7%  of  am- 
monia, it  would  be  necessary  to  use  about  30  tons  of  urine  in  onler 
to  apply  J  cwt  of  ammonia  to  an  acre  of  laud.  The  cost  of  trans- 
porting 30  tons  of  liquid  20  miles  out  of  London  would  at  that  tinie 
have  amounted  to  about  $10,  while  half  a  hundred- weight  of  am- 
mouia  could  have  been  bought  for  less  money  than  that,  either  in 
the  form  of  sulphate  of  ammonia  or  of  guano,  and  the  cost  of  apply- 
ing either  of  these  eubetaooes  would  be  vastly  less  than  the  coat  of 
applying  the  urincL 

Although  the  prices  of  ammonium  salts  and  of  gu&no  have  in- 
creased  materially  aince  Mr.  Campbell  made  this  computation,  liis 
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conclusion  ia  still  true.    It  vonld  vithal  still  be  difficult  to  keep 
the  cloeete  clean  snd  odurless,  and  to  prevent  the  urine  from  putre- 
fyiug  during  the  transportation. 
Btuier  to  extract  Ammonia  from  Urine  than  to  tran^iort  the  Lailer. 

Technically  speaking,  it  could  hardly  be  advisable  to  try  to  trans- 
port so  bulky  an  article  as  urine,  in  view  of  the  fact  that  the  nitro- 
gen in  it  might  be  extracted  in  the  form  of  ammonia,  by  vay  of 
distillation,  and  the  phosphoric  acid  by  methods  of  precipitation  ; 
although,  as  has  already  been  shown,  it  may  perhaps  be  true  that 
the  urea  in  tmh  urine  ia  really  more  valuable  as  plant-food  than 
the  ammonia  into  which  the  uioa  changes  when  urine  ferments. 
Mtt&ods  of  moving  Nighi^toU. 

Id  regions  where  large  quantities  of  human  excrements  are  em- 
ployed in  agriculture,  as  in  China  and  Japan,  and  indeed  in  some 
of  the  smaller  European  cities,  the  materials  are  collected  in  jars,  or 
buckets,  or  barrels,  and  carried  out  to  the  &rm  land  in  a  tolerably 
fresh  condition.  Several  convenient  arrangements  for  facilitating 
such  traueportatiou  have  been  devised,  such,  for  example,  as  small 
barrels  permanently  &8tened  to  handbarrows,  or  a  barrel  hung  be- 
tween the  wheels  of  a  handcart ;  or  tubs  are  used  that  are  provided 
with  handles  or  eats,  through  the  slots  in  which  a  pole  can  be 
thrust,  so  that  two  men  can  readily  lift  and  move  the  tub  even  when 
it  contains  a  considerable  weight  of  material.  Such  tubs  or  barrels, 
whan  laghtly  covered,  can  be  moved  without  offence.  They  com- 
mend themselves  in  the  country  in  cases  where  many  persons  are 
congregated  at  any  one  place,  and  where  there  is  not  enough  vater 
at  hand  for  the  proper  supply  of  water-oloaete. 

When  properly  managed,  movable  tubs  or  barrels  are  preferable 
on  several  accounts  to  vaults  or  ceaspools,  such  as  were  ordinarily 
employed  before  the  introduction  of  water-closets.  These  vaults 
were  simply  sunken  cisterns  of  wood  or  brickwork,  in  which  the  ex- 
crements were  allowed  to  collect  until  there  was  occasion  to  empty 
the  vault.  Usually  they  were  emptied  or  partially  emptied  once  a 
year,  or  sometimes  even  less  frequently.  From  being  left  so  long  un- 
disturbed, some  part  of  the  contents  of  the  cesspool  were  constantly 
in  a  state  of  putrescence.  Offensive  gases  were  continually  exhaled 
from  these  receptacles,  and,  even  when  tightly  built  at  first,  they 
were  ultimately  liable  both  to  leak  and  to  overflow,  and  so  to  poison 
the  neighboring  ground  and  the  water  of  weila  which  was  derived 
from  that  ground. 
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One  advantage  to  be  ondited  to  the  primitire  ajstem  of  tubs  and 
barrels  is,  that,  unlike  cesapoola,  any  Iwkage  or  oTurflow  from  them 
would  be  quickly  detected,  and  easily  remedied  before  the  ground 
in  theii  Ticinity  had  had  time  to  become  aurehaiged  vith  the  foul 

Mefhodt  of  HtiluUp  Nigkt-»oiL 

Allaslon  has  already  been  made,  under  the  head  of  Composts,  to 
the  nixing  of  uij^ht-soil  with  peat  and  loam,  both  for  the  sake  uf 
abeorbing  the  liquid  and  the  odoriferous  portions  of  the  material, 
and  for  exciting  the  fermentation  of  humiia.  Indeed,  an  ordinary 
method  of  dealing  with  night-soil  is  either  to  bring  it  directly  to 
land  that  is  tu  be  ploughed,  or  to  compost  it  in  the  Gelds  with 
earth,  and  ralnable  manure  may  be  had  in  this  way,  eepecially  in 
case  the  night-soil  should  happen  to  be  fieah ;  and  particularly  in 
localities  where  canals  permit  the  material  to  be  cheaply  aud  easily 
transported. 

There  was  formerly  a  farm  near  Paris  to  which  night-aoil  was 
brought  in  bulk  in  boats,  whence  it  was  pumped  into  pipes  that 
carried  it  to  the  fields.  It  was  applied,  by  way  of  irrigation,  iit 
conjunction  with  water  ftrum  the  canal,  much  dilation  being  needed 
when  night-BoU  is  applied  to  growing  crops. 
Peat  PoudreUt. 

In  some  European  cities  attempts  have  been  made  to  prepar* 
merchantable  manure  from  night-eoil  by  mixing  with  it  peat,  peat 
charcoal,  charcoal  dust,  or  tan  bark,  in  quantities  large  enou^  to 
soliilify  the  mass.  But  the  products  thus  prepared  have  had  very- 
little  real  value,  considered  as  commenial  manures.  The  following 
table  contains  the  results  of  analyses  of  mixtures  of  peat  and  night- 
soil  as  prepared  in  variooa  cities  of  Northern  Europe. 

Wlt«T. 

Rr«tin«cbwt>ig(3chQltia)  83.10 
HuDBter  (Eoenig)  .  .  87.16 
Biflofeld  (Koeaig)  .  .  83.83 
QroningeD    (Flaucher), 

privata  hoiue  .  .  .  69.85 
Do.,  publia  place  .  .  S6.GS 
Umdeo,     nllca     pen- 1 26.0 

dntto  (Schroder)        I    4.0 

One  trouble  with  these  peaty  products,  and  with  analogous  mix- 
tures, is  that  much  of  the  nitrogen  exhibited  by  analysis  is  simply 
>  Insoluble  ia  add. 
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the  ineit  nitiegeti  that  w»  nstarally  eoatuned  originally  in  tfae 
peat  or  other  dilneat. 

City  "CauipoH." 
In  MTeml  Enrapean  citiea  eo-oalled  "  oompngts  "  ue  prapared  by 
the  mnnicipal  anthoritiea  by  mixing  the  night-eoil  with  all  manner 
of  refuse,  eucb  aa  street  Bweepinga,  ashes,  and  other  kinds  of  "  dry 
dirt"  collected  from  faooaes.  Such  mixtoies  most  necesaarily  vary 
very  nacb  in  compoeitiou  in  difierent  cities,  and  in  any  one  city 
also,  according  to  the  different  kinds  and  quantities  of  material* 
that  are  added  to  the  night-soil.  Analyses  of  some  of  these  "  com- 
posts "  are  giren  in  the  following  table. 

^'^-  2KJ°  iit*i-  ^    IrtI*"  ^'*^    "»^     "•► 

fill  iTi(r  111  I     )        t.n     use     nts     ojs      oso      nxi     kit     •.t4 


(nibal») 

iJ: 

tbJA 

III. 

3t.a 

L 

U.T1 

(IMkIw) 

U. 

Ill 

».Ji 

PovdrtUe. 

Formerly,  dnring  many  years,  large  qnantitiM  of  night-soil  were 
manipulated  in  one  of  the  suburbs  of  Paris  for  the  purpose  of  mak- 
ing "poudrette,"  and  the  prooeae  employed  there  has  a  certain  his- 
torical importance,  becanse  the  Parisian  poadretta  became  in  some 
sort  a  standard  of  comparison  to  which  other  analogous  products 
were  naturally  referred.  Some  old  qnarries  at  Montfaiicon,  just 
outride  of  Paris,  had  been,  by  some  slight  alteration,  converted  into 
a  series  of  badns  or  tanks.  Night-soil  was  poured  into  the  upper- 
most basin,  where  a  good  part  of  its  solid  contents  sank  to  the  bot- 
tom at  once,  while  the  liquid  portions  were  made  to  flow  slowly 
and  methodically  through  a  set  of  the  lower  basins,  which  served 
as  receptacles  to  collect  whatever  solid  matter  the  liquid  held  iit 
enspension.  The  cleared  liquid  finally  escaped  through  a  fine  sieve 
into  the  Seine. 

Whenever  a  sufficient  qnantity  of  sedinient  bad  collected  in 
either  of  these  settling  tanks,  the  liquid  was  run  off  from  that  tank, 
or,  if  rteed  were,  it  was  pumped  over  into  the  next  basin,  and  the 
depoeit  was  removed  from  the  bottom  of  the  tank  to  a  great  6eld 
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contiguona  to  the  estebliehroent,  and  there  spread  ont  to  dry.  Th« 
layer  of  mud  was  harrowed  from  time  to  time  to  facilitate  the  dry- 
ing. It  need  hardly  be  said  that  the  product  obtained  in  this  way 
had  very  little  chemicd  value.  But>  on  the  other  hand,  all  ac- 
covints  agree  that  the  stench  from  the  works  was  wide-reaching  and 
abominable. 

Manifeatly,  the  proceaa  was  radically  Ticioos,  and  it  is  well  to 
consider  it  carefully  on  that  very  account.  The  fact  that  the  mak- 
ing of  Ibia  pondrette  was  so  long  persisted  in  by  the  Parisian  au- 
thorities shows  bow  little  was  known  until  very  recently  of  the 
true  theory  of  manures ;  while  the  parallel  fact  that  people  could  be 
found  willing  to  pay  money  for  a  product  so  nearly  valueless  shows 
how  hard  beaet  formers  must  have  been  before  the  days  of  guano 
and  commercial  fertilizers  properly  so  called.  It  teachee  how 
greatly  favored  farmers  are  nowadays  in  having  an  abundant  choice 
of  realty  good  and  cheap  manures. 

One  good  woid,  however,  cau  be  said  in  tavoi  of  pondrettes  that 
were  similar  in  character  to  the  old  Parisian  product :  their  me- 
chanical condition  was  excellent;  and  this  was  a  very  important 
matter  at  a  time  when  no  other  manure  shared  this  quality.  A 
dry,  inoffensive  powder,  that  can  be  sown  with  seeds  from  a  machine, 
must  commend  itself  in  numerous  instances.  Another  point  to  be 
noticed  is,  that  the  Parisian  poudrette  was  probably  full  of  germs 
of  the  nitric  ferment.  To  this  fact  may  justly  be  attributed  the 
chief  part  of  the  good  effects  that  were  obtauied  when  the  poudrette 
was  applied  t^i  the  land  ;  that  is  to  say,  it  excited  the  nitriRcation 
of  the  humus  of  the  soil,  and  was  in  so  far  a  source  of  biological, 
rather  than  of  chemical  power.  Several  analyses  of  the  Parisian 
(Uontfoucon)  poudrette  have  been  published,  as  follows:  — 

w.,.,      Oinnlc      ToUl      Ammo.    NIbte    Phonili.   ,,„. 

*'"'■      M«lMr.  Nitxngm.      ubL       Adi       AclS.     ""^ 

Booasingault and  Payen     ilA         .  .  .        l.Gfl      

JnqnemoDt ...        1.90      ... 

Sonbclran  (1S47)  .  .  33-33  29.00  1.78  D.78  .  .  .  8.7S  .  .  . 
L'H6te  (1843)  .  .  .  30.20  &2.S1  1.52  0.S9  O.SO  t.li  6.70 
Poudrettes  in  great  variety  have  been  made  in  many  other  locali- 
ties. Generally,  they  appear  to  have  consisted  of  the  sediment 
from  night-aoil  (either  with  or  without  the  addition  of  small  quan- 
tities of  copperas,  gypsum,  alum,  or  the  like)  dried  in  the  air ; 
though  in  many  cases  the  sediment  seems  to  have  been  more  or  lesa 
diluted  by  the  addition  of  peat,  or  peat  charcoal,  sawdust,  coal  oshe^ 
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gjpsum,  or  8om«  other  absorbent  tbat  had  been  added  to  facilitate 
the  drying,  and  mitigate  the  stickiDeas  of  the  material.  Of  eoune 
the  product  niuat  Tarj  in  composition  according  to  the  amount  of 
inert  matter  that  baa  been  added  to  it,  aa  well  as  according  to  the 
etate  of  freshness  of  the  night-soil  employed.  In  the  following  table, 
analyses  are  given  of  poudrettea  that  were  formerly  made  at  the 
dtiea  named  :  —  * 

Nsw  York  City,  Loll    (    S2.S9  li.SS  O.VS  l.OS      1.98      1.06    tnue 

Muiaf.  Co.  (repurted   j   15.00  1S.40  D.9S       

I7  S.  W.  Johnson)      '    BSea  14.80  0.96       

Hartford,  Conn.  (S.  W.  J   89.97      H0.fi7  1.01      0.87      

Jnhnson)  I  M.Ol  1.06      l.OS      

DreaJen,  Saionj, 

(Hdller) Ift.SO  20.80  2.10  2.50      l.SO      2.70    0.70 

(SchaTcn)     ....     18.42  11.25  1.34       

(BrelschDeider)      .     .     15.91  85.12  1.08  3.7fi       0.81            e.2S 

Cologne  (OronroD)    .     .     IZ.SO  88.20  8.01  S.Dl       0.65      ... 

BrUnn(EohlraiiKh).     .     7-lS  20-53   1.0-2.S  2.5-3.0  0.8-1.8   ..  . 

KinigKberji  (Klrin) 81.00  1.78      1.67       

Leipiig  (Districh)    .    .     18.40  31.20  2.10  2.96       0.81       1.07 

Uctz  <Statzer)      .     .     .     27.71  2S.S7  1.48  2.65       0.64      .  .  . 

ATigB  comp.  of  tnodent  Ger- 
man poudrettea  (Wolff)    11.5  S7.4  l.S        2.8         l.I        

Blood  Poudrette. 
SometimoB  poudrettea  have  been  m&de  by  mixing  solid  excre- 
ment, oT  the  solid  part  of  night-soil,  with  hlood  from  slaiighter- 
housea>  and  drying  the  mixtnte.  The  product  ia  natumlly  rich 
in  nitrogen,  and  was  doubtless  a  powerful  manure,  though  apt  to 
vary  considerably  in  composition,  as  is  shown  by  the  following 
analyses :  — 

WMw.      Jj^J^      A.1L     mtngBi.    ^^POUA. 
(   1871      B.88      74.10      10.62      0.08        0.S7      0.S4 
Biflno  (KohlimnKjh)  ]   1871      8.78      87.81        3.45    12.44        8.48       ... 

S.eO      0.88 


Pkntphatt  Poudrette. 

Another  class  of  pondrettes  that  contained  considerable  qnantities 

of  phosphoric  acid  were  formerly  prepared  by  miiinf;  phoephates 

with  the  sludge  fhtm  night-soil,  —  notably  spent  bone-black,  which 

helped  to  dry  the  material.     Analyses  of  these  phosphatic  pou- 
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drettes  are  as  follows.  In  many  of  these  cases  the  sediment  fmm 
uight-soil  bad  doubtless  been  mixed  with  blood  as  wdl  as  witli 
boue-black ;  or  the  mixture  of  blood  and  bone-black  that  is  ob- 
tained in  some  processes  of  refining  sugar  had  been  added  to  th« 
uight-Boil, 

,  FhwplmUe  PoudiettM  w«Mr.         0'8*n'«  Ritm-       Bw^k      pob,ai. 

(  8.22  43.ee  7.14  14.10 

Berlin  (LncsDiu)                  J  8.47  65.3«  6.B3  8.73 

i  12.29  43.IS  S.23  3.73 

Brealaa  (Hellrii^l)  7.2S  S0.20  6.30  S.29        ... 

(  20.48  23.2J  2.51  15.8S 

Hanover  (HollriegBl)            i  12.12  27.82  8.90  18.11        0.43 

(  9.04  S4.2«  2.65  10.98       0.36 

Dresden  (FlMk)  ...  49.85  8.5S  14.  Itf  (pbonptote 

Birriiii  (Heidepriem)  6.61  46.78  6.11  11.7S   *"'""' 

Vienna  (Eohlisusch)  9-19  22-80  1.4-3.3  8.3-10.7  O.S-2.0 

In  the  category  of  phoaphatio  ptondrettes  may  be  mentioned  a 
product  prepared  by  a  secret  process  by  one  Thon,  vhich  attmcted 
considerable  attention  among  chemists  some  yeaia  ago.  What- 
ever the  cost  of  making  the  material  may  have  been,  its  compo~ 
sition  was  excellent,  as  was  shown  by  repeated  analyses  made  by 
eeveml  chemists.  ^DiBse  analyses  showed  the  following  per  cent 
of  Bubstaucee :  — 

Water 10-12 

Orgnnic  anil  vnlatile  matters 30-40 

Ash  ingredients 64MIO 

Nitrogen ,4-S 

Total  phosphoric  acid 10-13 

Potuh 1.S 

Nearly  one  half  the  phosphoric  acid,  viz.  4^  to  5%,  was  solnbls  in 
water,  and  the  remainder,  excepting  one  or  two  per  cent  of  ferric  and 
magnesium  phosphate,  was  in  the  form  of  precipitated  phosphate  of 
lime.  One  of  the  analyses  indionted  that  1J%  of  the  nitrogen  was 
in  the  form  of  ammonia,  and  that  nearly  half  of  one  per  cent  of  the 
iiitrc^n  wos  in  the  form  of  urea.  So  large  an  amount  of  aolubla 
phoaphonc  acid,  taken  in  connection  with  the  presence  of  15%  of 
sulphnric  scid  in  the  aefaea  of  the  prodnct,  went  to  show  that  the 
process  of  manufactnie  may  perbape  liave  consisted  in  adding  sniier- 
phoephate  of  lime  to  fresh  excrements,  perhaps  with  the  addition 
of  a  little  free  sulphuric  acid  also. 
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Thon  submitted  hii  secret  to  the  cliemist  Dietrich,  who  Beveral 
tiinee  prepared  email  qnantitiea  of  poudrette  in  accoidsace  with  the 
formnla,  and  fonnd  that  every  particle  of  the  nitiogen  in  urine  could 
be  pnaerred  by  meona  of  it.  Thon'i  poudrette  was  a  diy,  yellow- 
ish powder. 

Ta-ftM. 

Another  product  of  Chineea  iuveution,  known  ae  Ta-fen  (TaffoS 
of  the  Qormana),  was  originally  prepared  by  kneading  excrement 
and  loam  together,  moulding  the  product  into  bricke  and  drying  the 
latter  in  the  air.  A  ao-coUed  Xarfeu  marl,  pn>i»ied  soma  years  since 
at  Konigsberg  from  night-eoil,  contained  4%  of  organic  matter,  )  of 
a  per  cent  of  nitrogen,  and  ^  of  a  per  cent  of  phoapborio  add. 
Proeeite*  of  Evaporation. 

If  &esh  urine  were  to  be  evaporated  to  complete  dryness  so  eate- 
lUly  that  none  of  its  nitrc^n  should  be  decomposed,  an  extremely 
powerful  fertilizer  would  be  obtained ;  each  100  lb.  of  which  would 
contain  aome  25  lU  of  nitrogen,  4  lb.  of  phosphoric  acid,  and  5  lb. 
of  potash  and  soda.  But  to  obtain  100  lb.  of  such  residue  an 
amount  of  urine  would  have  to  be  taken  eqnd  to  all  that  is  voided 
in  a  day  by  1,000  men.    {Stoeckhaidt.) 

According  to  Hesbit,  if  fresh  human  excrements,  solid  and  liquid 
together,  were  thoroughly  dried,  each  100  lb.  of  the  product  would 
contain  some  17  lb.  of  nitrogen  and  3  lb.  of  phoephoric  acid,  or  in 
a  ton  there  wonld  be  uy  340  lb.  of  nitrogen  and  60  lb.  of  phos- 
phoric aci±  Even  sewage  evaporated  to  dryness  may  contain, 
aeconling  to  one  of  the  English  eommissions,  30%  organie  mat- 
ter, 70%  ash  ingredients,  6|%  nitrogen,  1  j%  phosphoric  acid,  and  1% 
potash. 

Effort^  have  not  been  wanting  to  pnt  the  idea  into  practical 
form,  and  in  several  German  towns  really  good  manure  seems  to 
have  been  obtained  in  this  way,  i.  e,  by  acidifying  with  sulpbnric 
acid  tolerably  fntln  excrement  that  is  collected  in  barrels,  and 
evapor^ng  it  to  drynen.  The  firet  five  analyses  in  the  fol- 
lowing list  are  of  poudrettea  known  to  have  been  prepared  in 
this  way,  and  the  other  epecinwns  appear  to  have  been  aimilaily 
treated. 
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e.12(i>ti«ph.UdM} 

7.62-9.S8 

2.73-3.60       .  .  . 

....      8.8-9.1 

8.0-3.1 

«.0-fl.l 

8.0-3.7 

8.4-9.8 

0.7-1.0 

1.69 

4.06  <»■»«%  •ol»W« 

*.66 

4.09  (S.lMl»liibl.| 

4.«6(l«»%«lubl.i*oii*.«kl) 

6.16 

8. 88              2.28 

6.69 

8.27              8.«8 

6.00 

2.91               2.70 

6.30 

8.10              3.20 

.  .  .        6.15 

2.95              2.89 
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Compoiitian  of  Dried  ExeremerU. 

WiUt     wulN^SuUa  Hitrono.    Phwph.  Add.    Folub. 
HUUr. 

Uilbnrn  Co.  {Toelcker) 
8tuttg>rd(Soxhl«t)  .     .    . 
Heidelberg       "        ... 
Augabnig        "       ... 
Munich  (Soihlet)  fram  VMiltt 
Berlin  (Mttrcker)      .     .     . 

"      (Fittbe^on)  .... 

I*      (Ziureck)      ... 

Miinatef  (Eonig)      .... 

Halle  (Marcker) 

BraaiiKhweig  {Schalt)      .     , 
"         |Fnihiin{0  .    , 

Hambnni;  (tnax) 6.30  3.3»  2.31 

Similar  poudreUea  prepared  from  tolerably  freah  excrements,  as 
obtained  by  Liemur's  pneumatic  proccea,  have  been  found  to  con- 
tain the  following  percentages,  as  obtained  at 

WiUr.  Hitngm.  Plinph.  Odd.  AlkiliM. 

DortTCcht  (Borgh).     .     .  12.0-22.6  1.6-7.0  1.6-4.0 

Higu* 16.81             7.80  3.U 

BraiU 22.10            6.69  1.1 

(l.tSBJ  u  unmonla) 

DaWinfE.  W.  D«Ty).    .      15.88  8.32  6.86  <U>««pi»t-) 

Wieabsden  (FreseDiiis)     .      14.82  7.S6  8.68  S.10 

<*.T»S»iimdionU) 

It  does  not  Appear  as  yet  whether  any  Intimate  money  profit 
lias  been  gained  by  making  these  poudrettes.  Indeed,  it  is  doubt- 
ful ou  the  face  of  the  matter  whether  profit  can  possibly  be  gained 
by  burning  fuel  to  drive  off  the  large  amounts  of  wat«r  with  which 
even  fresh  excrements  are  diluted,  for  the  sake  of  getting  the  fertil- 
izing coDstitoents.  The  prohabilitiee  are,  that  the  labor  expended 
and  coal  consumed  in  making  such  poudrettea  must  cost  more  than 
the  dried  excrement  is  worth.  Perhapa  the  making  of  them  may 
have  depended  primarily  upon  efforts  of  the  municipal  authorities 
to  find  some  outlet  for  the  night-soil. 

There  was  no  sense,  at  all  events,  in  making  an  English  product 
known  as  "  sulphated  urine,"  which  was  prepared  some  years  ago 
by  adding  to  stole  urine  enoi^h  sulphuric  acid  to  neutralize  the 
ammonia,  and  then  evaporating  the  liquid  to  dryness.  For  olthongb 
tiie  dried  sulphated  urine  was  really  rich  in  plant-food,  and  was  an 
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efficient  manure,  it  wu  not  worth  the  coet  of  manafoctaie.  A 
similar  remark  will  appi;  to  a  piocesa  tried  mncb  more  recently  in 
Germany,  by  wliich  the  liquid  portion  of  nighVauU  was  evaporated 
in  vacunm  pana. 

A  more  reaaonable  plan,  piittiug  sanitary  considerations  aeide,  was 
tried  at  one  time,  outride  of  Paris,  by  an  inventor  named  Chodzko. 
To  clarify  and  disinfect  the  liquid  night-aoil,  there  was  a<ided  to  it 
either  siiiphato  of  magnesia  or  a  mixture  of  the  msgneaium  eulphate 
anil  sulphate  of  iron,  together  with  a  little  tar,  and  potashes  enough 
to  destroy  the  acid  reaction  of  the  mixture.  The  liquid  was  then 
subjected  to  a  process  of  evaporation  which  consisted  in  making  it 
trickle  over  a  large  surface  of  iagota  held  np  in  a  framework,  —  as 
in  the  well-known  process  of  concentrating  weak  brines  by  "  grad- 
nation,"  —  and  finally  beating  the  fagots  to  detach  the  incruatationa 
which  had  formed  npon  them.  In  good  weather,  new  portions  of 
the  iiqnid  were  run  in  upon  the  fogots  two  or  three  times  a  day, 
and  alter  the  lapee  of  a  fortnight  or  three  weeks  in  summer,  or  of 
two  months  iu  winter,  the  twigs  were  aufliciently  incrueted  to  be 
left  to  dry  out.  On  analysis,  the  fertilizer  beaten  from  the  fagots 
showed  the  following  percentage  composition  :  — 

Orsuilo  w  ,„  Eluulaiid  MigneilHiind  Tntiil  Anmn-  Nl-  Fhoaph.  ,,.„_ 
MiUer.  "■'•'■  City.  OiKlBuflron.  Hitnitjen.  niiL  tnUii,  Atid.  ''""'■ 
&3.63     17.75      4.50  4.  DO  4.20       0.S5     trace      4.4S       4.10 

The  product  was  distinctly  superior  to  ordinary  poudrette,  such  as 
was  then  prepared  at  Paris. 

Baron  Fodewila  proposed,  as  one  method  of  treating  fresh  excre- 
ments, let,  to  prevent  them  from  putrefying  by  means  of  smoke ; 
2d,  to  dry  the  matter  down  to  about  half  its  bulk  by  artificial  beat ; 
then,  to  mix  with  it  absorbents,  eucb  as  coal  ashes,  peat  powder, 
soot,  or  the  like  (even  finished  poudrette  would  answer)  ;  and  to 
mould  the  plastic  mixture  into  bricks  which  could  be  dried  in  the 
air.  Finally,  the  dried  bricks  were  cnisbed  to  powder.  The  fol- 
lowing analyses,  by  Wein,  relate  to  such  poudrette  as  this,  and  to 
the  making  of  it. 

Shrcmnfliti  HklMrlpd  Finished  P^- 

diieddoirn  H>ir-dr!*d  Pute  nfter  dnlt*  pre- 

•Hhnilt  »B7  Pute.  Ailditlnn  ujircd  with 

AddlUnn.  of  Ailita.  Aib«  and  Soot. 

Wster e.Ol  42.89  88.S7  7.65 

OrttanicRnd  volatile  insttsT    59.13  S8.SS  85.67  fl3.78 

Aah  iDftredients  ....     31.87  18.73  25.76  2-1.57 

HitroRen 10.65  7.34  7.04  6.32 

Pbosphoric  add  ....      4.48  154  3.18  S.BO 
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Exclodiog  w&ter  in  each  case,  the  dry  Bubatance  oootained  per 
ceuts  of 

kt«.~«i.  BiU-diM  PuUuiil  Flslihsd 

Orpnic  and  ToUtile  matter    e4.»7  67.81  58.07  7t.i7 

Aah  injiredUnta  ....     86.03  S2.IS9  41.SS  Sfi.fiS 

NitTogeD ll.ae  12.30  11.4S  5.76 

Phosphoric  acid  ....      4.61  «.*3  8.G6  1.S2 

Treatment  with  Svlphatet. 

Sulphates  of  one  kind  or  another,  particularly  nilphate  of  imii 
(copperas),  hare  often  been  used  for  treatin)!  night-eoiL  In  most 
European  cities  tt  has  long  been  customary  to  exercise  gmt  care  in 
emptying  privy  vaults,  to  avoid  the  offensive  gases  vhich  are  liable 
to  be  given  off  when  the  contents  of  these  receptacles  are  distarbed. 
As  a  preliminary  precaution,  a  quantity  of  a  solution  of  tlie  ferrous 
aalphate,  or  of  some  other  disinfecting  agent,  is  thrown  into  the 
vault,  and  the  muddy  liquid  ia  then  pumped  out  into  tight  wagons 
by  meana  of  force  pumps,  or  it  ia  drawn  into  great  iron  cylinders  in 
whicli  a  vacuum  has  been  established  by  the  condensation  of  st«am. 
Care  is  taken  to  prevent  the  escape  of  offensive  gases  into  the  air,  — 
soniBtimes  by  compelling  the  foul  air  from  the  puinpe  to  pats  through 
a  little  stove  full  of  burning  charcoal,  by  which  means  ttie  odor  is 
de.stroyed. 

Of  course,  the  sulphate  of  iron,  when  thus  used,  arrests  a  large 
quantity  of  ammonia,  by  converting  the  carbonate  of  ammonia  into 
sulphate,  though  the  special  merit  of  the  copperas  in  this  case  is 
that  it  absorbs  sulphuretted  hydrogen.  It  is  ss  a  disinfecting  agent 
rather  than  a  fixer  of  ammonia  that  copperas  is  here  used.  It  acta 
slso  Hs  a  germicide,  to  destroy  the  microdemes  which  cause  fennen- 
tstion  and  putrefaction,  and  to  prevent  their  growth  also.  Thus  il 
is,  that,  when  applied  to  fresh  excrements,  coppotns  acts  as  a  pre- 
servative, and  hinders  their  decay. 

According  to  Pettenkofer,  if  fresh  excrements  were  treated  im- 
mediately with  A  solution  of  copperas  (1  part  in  2  or  3  parts  of 
cold  water),  leas  than  an  ounce  of  the  salt  per  head  and  day  wonld 
be  Bu£Boient  to  prevent  the  materials  from  undergoing  ammoniacal 
fermentation.  Bbccluding  winter  weather,  a  dozen  or  fifteen  pounds 
of  copperss,  obtained  at  a  nominal  cost,  would  suffice  for  treating 
the  excrements  of  an  individual  for  a  year.  It  ie  to  be  said,  how- 
ever, that,  as  regards  nightsoil,  the  deodoridng  poweta  of  copperas 
are  but  partial ;  it  arrests  sulphuretted  hydrogen,  it  is  true,  but  has 
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no  action  apon  a  vatietj  of  other  offeosiTe  matten  which  ara  always 
preseot 

la  view  of  the  fitct  that  ferroos  compounds  an  apt  to  be  ii(ju- 
Turns  to  plante,  it  would  be  well  not  to  apply  uight-aoii  that  bad 
been  treated  with  coppeiaa  immediately  to  crops,  but  to  leave  it  ex- 
posed to  earth  and  air  long  enuogh  for  the  feiroiu  compounds  to 
become  converted  to  the  ferric  condition.  As  has  been  said  in 
another  connection,  snlpbate  of  iron  has  often  been  used  upon 
ordinary  manure  heaps  to  hinder  their  decay,  and  to  prevent  a  i«al 
or  supposed  loss  of  ammonia ;  and  so  have  pyritous  coal  and  pyri- 
tous  lignite,  &om  which  sulphate  of  iron  is  formed  by  the  action  of 
tlie  air. 

Sulphate  of  zino,  also,  and  chloride  of  nsc,  have  sometimes  been 
used  to  di^nfect  night-soil,  in  much  the  same  way  as  snipbate  of 
iron. 

A  fertilizer  called  "  urate  "  was  at  one  time  made  in  England  by 
adding  gypsum  to  urine,  and  collecting  and  drying  the  precipitate 
produced.  This  precipitate  contained  a  cousideralds  proportion  of 
the  phosphoric  acid  of  the  urine,  though  very  little  of  its  nitrogen ; 
and  since  the  principal  value  of  urine  depends  upon  the  nitrogen 
contained  in  it,  the  proceaa  was  not  one  of  any  merit 

Qypsum  has  often  been  mixed  with  night-soil  also,  to  decompose 
tbe  carbonate  of  ammonia  and  bold  the  ammonia  as  a  sulphate.  It 
is  inierior  to  copperas,  however,  since  it  does  not  destroy  tbe  odor 
of  salpburetted  hydrogen,  and  is  &r  less  effective  as  a  germicide 
than  copperas.  It  has  no  power  to  mitigate  the  peculiar  offensive 
odor  of  putrid  nrine,  which  is  due  to  the  presence  of  some  substance 
quite  distinct  from  ammonia. 

Many  years  ago,  sutpfaate  of  ammonia  was  sometimes  prepared  as 
a  commercial  product  by  hltering  fermented  urine  through  gypsum  ; 
but  the  process  was  offensive  and  inconveuient,  and  would  be  much 
too  costly  nowadays  when  ammonia  is  to  be  had  as  a  waste  product 
at  gas  works.  Indeed,  even  if  the  gas  liquor  were  not  to  be  had,  it 
would  be  cheaper  to  obtain  ammonia  from  fermented  urine  by  way 
of  distillation,  than  by  means  of  the  old  gypsum  process. 
ifanufcutHre  of  Amnonivm  SalU  Jrom  Urine. 

In  view  of  the  ready  volatility  of  ammonia,  it  wonld  be  compar- 
atively speaking  easy  and  inexpensive  to  procure  this  substance 
from  fermented  urine  by  way  of  distillation,  as  is  done  in  the  case 
of  tbe  ammoniacal  liquor  of  |ps  works,  if  it  were  only  possible  to 
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collect  largo  quantities  of  urios  without  offence,  oi  even  if  it  were 
ecuDomicallf  practicable  to  control  the  fermentation  of  urine  so  that 
it  could  be  brought  to  the  factory  in  a  condition  of  tolerable  fresh- 
ness. During  many  years,  more  or  less  enlphate  of  ammonia  has 
actually  boen  manufactured  froni  urine  at  Paris,  and  it  ia  possible 
that  it  is  still  so  made  there ;  though  it  ia  none  the  leaa  tnie,  that, 
ever  ainoe  gas  has  been  manufactured  from  coal,  the  amount  of  sul- 
phate of  ammonia  prepared  from  urine  has  been  iuconaideiabfe  in 
Giimparison  vith  that  made  from  gas  liquor. 

As  has  been  already  shown,  when  water  that  contains  ammonia 
is  heated,  the  whole  of  the  ammonia  will  go  off  iu  the  first  fifth  of 
the  water  that  evaporates.  Hence  it  would  only  be  necessary  to 
distil  off  one  fifth  part  of  the  bulk  of  the  fermented  urine  in  order 
to  expel  the  whole  of  the  ammonia  that  was  contained  in  it,  and 
which  would  amount  to  something  like  one  fifth  of  one  per  cent  of 
the  original  liquid.  The  distillate  might  be  carried  directly  into 
sulphuric  acid  to  form  sulphate  of  ammonia,  or  it  might  he  led  into 
another  batch  of  urine,  which  could  thus  be  converted  into  a  mora 
concentistcd  solution  of  ammonia,  fit  perhaps  to  bo  mixed  directly 
with  the  acid. 

One  idea,  suggested  by  Bolton  and  Wanklyn,  was  to  lead  the 
animonlacal  fumes  arising  from  the  eva]Mratlon  of  uriue  into  a  box 
filled  with  trays  charged  with  sulphate  of  lime.  By  the  actitm  of 
the  carbonate  of  ammonia  on  the  lime  sulphate  there  would  be 
formed  carbonate  of  lime  and  salphate  of  ammonia.  But  on  heat- 
iog  this  mixed  product,  carbonate  of  ammonia  would  exhale,  and 
could  be  collected,  while  sulphate  of  lime  would  again  be  formed. 
Another  plan  was  to  lead  the  ammoniacat  fumes  from  the  urine  into 
a  clear  solntion  of  superphosphate  of  lime.  From  this  liquor,  after 
evapoiation,  a  double  phoephate  of  lime  and  ammonia  could  be  made 
to  crystallize  ouL 

In  distilling  stale  nrine  it  would  be  well  to  add  to  it  a  small 
quantity  of  milk  of  lime,  or  even  chalk.  In  order  to  decompose  any 
phosphate,  anlphate,  chloride,  or  other  non-volatile  ammonium  salt, 
that  might  be  present.  This  lime  would  combine  with  the  phospho- 
rio  acid  in  the  urine,  and  render  it  insoluble,  so  that  this  constituent 
could  be  saved  as  well  as  the  ammonia.  It  being  thus  easy  to  save 
the  only  two  ingredients  of  nrine  that  have  an  appiwable  value, 
there  is  really  no  need  of  thinking  of  a  pTOcese  so  trouhlesoins  aa 
that  of  evaporating  urine  to  drynesa  as  a  maana  of  utitiziiig  it. 
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Urine  may  be  kept  Frtih. 

Several  chemists,  notably  Alex.  MilllBr  and  Gronven,  experimented 
many  yean  ago  with  the  view  of  finding  some  means  of  preaerring 
urine  80  that  it  might  be  collected  and  put  to  use  hj  the  prooees  of 
distillation  just  now  alluded  to.  So  far  oe  the  mere  prevention  of 
puttelaction  was  concerned,  they  found  that  urine  conld  be  preaerved 
in  several  waye  long  enough  for  the  purpose  now  in  question.  The 
presence  of  almost  any  free  acid,  or  of  an  acid  salt,  in  urine,  wil[ 
prevent  the  action  of  the  ferment  which  caiues  nrea  to  change  to 
carbonate  of  ammonia.  Nitric  acid  is  specially  powerful,  sulphuric 
acid  mach  leas  so.  Ferrous  sulphate  and  the  sulphates  of  copper 
and  zinc  sre  effective,  and  so  are  carbolic  acid,  and  coal  tar,  and 
tannin.  As  is  now  known,  almost  any  germicide  would  answer  the 
purpose.  In  case  fresh  urine  were  thus  acidified,  for  example,  it 
would  be  an  easy  matter  to  neutrolize  the  acid  at  the  ammonia 
works,  and  to  prepare  the  urine  for  distillation  by  mixing  with  it  a 
quantity  of  urine  that  was  already  undergoing  the  atninoniacal  fer- 
mentation, and  allowing  it  to  stand  for  a  day  or  two.  It  is  mani- 
fest, however,  and  the  point  was  freely  admitted  by  MflUer,  that 
special  appliances  would  be  required  for  mixing  the  preservative 
agent  with  the  fresh  urine,  and  that  the  tanks  and  other  apparatus 
used  would  have  to  be  frequently  and  carefnlly  cleaned. 

In  one  word,  it  appears  that,  beside  all  the  ordinary  costs  of  col- 
lection and  tisnspartation,  a  good  deal  of  trouble  would  have  to  be 
taken  in  oidei  to  obtain  a  supply  of  urine  without  oS'ence,  and  it  is 
precisely  this  trouble  which  there  is  no  need  of  taking  ea  long  as 
ammonia  can  be  obtained  for  lees  from  the  diatillotion  of  cooL 
Lack  of  Raw  MateriaL 

Qrouven,  on  the  occasion  of  bis  examination  as  to  the  possibility 
of  utilizing  the  product  of  the  public  urinals  at  Cologne,  encoun- 
tered yet  another  difficulty,  viz.  that  of  ohtoining  enough  of  the 
Taw  material  (fresh  urine)  to  keep  a  factory  in  profitable  operation. 
At  Cologne  he  found  that  45,000  cwt.  of  urine  could  be  collected  in 
a  year,  which  was  at  the  rate  of  40  lb.  for  each  inhabitant,  or  nearly 
10%  of  All  the  urine  voided  by  the  population  of  the  city.  Suppos- 
ing the  whole  of  this  urine  were  evaporated,  it  would  bo  possible  to 
get  4%,  i.  e.  1,800  cwt.  of  dry  residue,  and  if  the  mannfaoturer  were 
to  double  this  quantity  by  adding  to  it  acids,  or  superphosphate, 
there  would  still  be  no  more  than  3,600  cwt.  of  matter  to  be  sold, — 
a  qnootity  so  small  that  a  &ctory  could  hardly  be  maintained  upon 
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the  ptoGts  from  it  He  eetimated  that  at  least  10  times  the  {riven 
tjuantit;  of  urine  would  be  needed,  under  the  conditions  of  wbicb 
he  wrote,  in  order  that  a  profitable  business  could  be  based  upon  it. 

When  considerations  such  as  these  come  in  to  increase  the  inherent 
difficulties  of  the  subject,  —  viz.  those  that  depend  on  the  offensive 
odor  and  small  value  of  the  original  materials,  and  their  rapid  de- 
terioration by  fermeutation,  — it  is  uo  wonder  that  manuiactuiers  af 
manures  are  no  longer  much  encouraged  to  grapple  with  the  problem 
of  utilizing  night-soil ;  let  alone  the  fact  that  the  conviction  gains 
ground  almost  everywhere  that  the  beet  way  of  dealing  with  the 
filth  of  cities  is  to  dilute  it  enormously  with  water,  and  throw  away 
the  dirty  water  as  speedily  as  may  be  possible. 
Magnenun  ProceutM. 

Long  since  it  was  a  favorite  idea  among  chemists  that  both  am- 
monia and  phosphoric  acid  might  be  precipitated  from  fermented 
urine  by  means  of  a  magnesium  salt.  One  suggestion  was,  even, 
that  a  magneeium  salt  might  be  mixed  with  fresh  urine  which  should 
then  be  made  to  ferment.  In  either  event,  the  insoluble  double 
phosphate  of  ammonia  and  magnesia,  eo  familiar  to  analytical 
chemists,  was  to  be  thrown  down  as  a  precipitate  which  could  be 
collected  and  used  as  a  manure.  The  fertUiEing  power  of  this 
precipitate  is  undoubted,  since  it  has  been  proved  by  numeroua 
experimeuta. 

There  are  several  difBculties  which  prevent  the  practical  applica- 
tion of  this  idea.  The  double  phosphate  is  a  crystalline  precipitate, 
which,  when  formed  in  presence  of  much  water,  separates  out  very 
slowly.  So  much  time  ia  required  in  order  that  it  may  be  depoeited 
from  a  liquid  so  dilate  as  urine  is,  that  a  very  large  number  of  tanks 
would  be  needed  at  a  factory  in  order  that  the  contents  of  any  one 
of  them  could  be  left  at  rest  long  enough  to  insure  complete  deposi- 
tion of  the  precipitate.  Moreover,  the  presence  not  only  of  a  soluble 
magneeium  salt,  but  of  an  excess  of  some  base,  such  aa  hydrate  of 
magnesia  or  hydrate  of  lime,  is  necessary  to  insure  the  complete 
precipitation  of  the  ammonia. 

Several  French  inventors  have  sought  to  insure  the  precipitation 
of  all  the  ammonia  by  adding  phosphate  of  magnesia  to  stale  urine, 
or  night-soil,  or  sew^e,  and  it  would  be  easy  to  prepare  any  qnuitity 
of  this  compound  at  small  cost  from  superphosphate  of  lime  and 
waste  chloride  of  magnesium,  which  is  procurable  at  Stassfurt. 
Sometimes  it  has  been  suggested  that  phosphate  of  soda  and  a 
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magnesium  salt  might  be  mixed  with  the  nrine  oi  night-aoil,  or  a 
laixluni  vt  euperphuaphate  uf  lioie  and  a  magaesium  salt.  Que 
propoeitioa  looking  to  the  more  Tapid  separation  of  the  doable 
phosphate  vas  to  filter  the  fermented  uriDS  through  a  bed  of  peat 
ehai)^  with  sulphate  of  magnesia.  One  trouble  is,  that  the  double 
phosphate  ia  not  so  completeljr  insoluble  in  saline  solutions  as  it  is 
in  pure  water  or  in  water  charged  with  ammonia. 

Use  of  Alum  and  Sulphate  of  Alumina, 

I'hougb  rather  iuefficient  disinfecting  agents,  the  sulphates  <tf 
alumina  haye  aometimea  been  employed  iu  the  preparation  of  pen* 
drette  from  night-soil.  Probablf  the  process  of  Forbes  and  Price, 
described  under  the  head  of  sewage  on  a  subsequent  page,  would  be 
better  for  this  purpose  than  sulphate  of  alumina. 

Adwtixing  of  KzcremeTa  vilK  Lime. 

Hie  nse  of  lime  for  preserving  fresh  excrements  has  repeatedlj 
attracted  attention,  and  many  futile  efforts  have  been  made  to  pr» 
pare  merchantable  fertilizers  by  means  of  iL 

Mosselmann,  in  France,  proposed  the  following  process.  Quick- 
lime is  slaked  with  half  its  weight,  or  with  an  equal  bulk  of  nrine, 
and  the  dry  powder  thus  obtained  is  mixed  with  solid  excrement  in 
the  proportion  of  2  parts  excrement  to  2}  ports  of  the  slaked  lime. 
The  mixture  is  ready  for  tmasportation  the  moment  it  is  prepared, 
and  it  contains  all  the  ingredienta  of  the  original  urine  and  solid 
excrement,  excepting  a  quantity  of  water  which  was  evaporated  by 
the  heat  disengaged  in  the  act  of  slaking.  The  amount  of  water 
thus  lost  is  about  equal  to  the  weight  of  the  lime.  With  the  water 
some  small  traces  of  ammonia  escape  that  existed  ready  foruied  in 
the  matter  treated. 

Of  course  a  lai^  quantity  of  ammonia  would  be  expelled  by  the 
lime  if  the  latter  were  added  to  old  night-soil  that  had  uudergone 
fermentation.  In  order  to  obtain  the  beet  results,  the  process  im- 
peratively requires  that  the  excrement  and  the  urine  shall  be  treated 
while  still  fresh. 

It  was  claimed  at  one  time  that  the  dry  product  could  be  kept 
indefinitely  without  undergoing  change,  but  it  appeared  subsequently 
that  a  certain  amount  of  change  does  slowly  occur.  The  process 
has  been  modified  somewhat  to  meet  the  case  where  a  large  qnantity 
of  urine  is  to  be  treated ;  for  when  urine  alone  is  mixed  with 
lime,  the  latter  can  be  made  to  abeorb,  by  repeated  additions,  as 
much  as  three  times  Its  own  volume  of  the  liquid,  while  soms- 
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thing  more  than  half  of  the  water  of  the  unne  escapes  in  the  form 
of  steam. 

la  opentioua  carried  out  npon  the  large  scale,  it  was  fbood  that 
even  in  winter  one  part  of  lime  could  be  made  to  absorb  three  parte 
(by  bulk)  of  mixed  solid  and  liquid  escremeat.  But  iu  Bunmier 
somewhat  more  water  went  otf  in  the  process  of  slaking,  so  that  the 
final  product  contained  only  20$  of  lime.  The  process  has  evi- 
deutly  a  certain  degree  of  merit,  and  it  is  easy  to  admit  that  cases 
may  occasionally  arise,  as  at  prisons,  barracks,  or  factoiim  (gns 
works)),  where  it  might  be  employed  with  advantage  in  the  interests 
of  ^riculture.  From  the  large  amount  of  lime  required,  however, 
it  would  be  very  difficult  to  put  the  procuss  in  practice  as  a  sani- 
tary measure,  looking  to  the  economical  purification  of  citiM.  The 
difBculties  attending  the  handling  and  marketing  of  large  masses  of 
material  would  be  practically  insuperabla  One  of  the  sewage  com- 
missions of  the  city  of  Berlin  compnted  that,  if  the  process  were 
applied  to  a  city  of  530,000  inhabitants,  nearly  a  million  and  a  half 
bushels  of  quicklime  would  be  needed  every  year. 

Practical  experience  at  the  farm  has  stilt  to  determine  whether 
there  may  not  be  some  localities,  as  in  r^ons  of  heavy  clay  lands, 
for  example,  where  limited  amounts  of  the  limed  excrement  would 
be  valuable  enough  as  manure  to  permit  the  material  to  be  trans* 
ported  to  moderate  distancea. 

Analyses  of  the  product  as  obtained  (I.)  from  Mosselmann  him- 
self, and  (11.)  OB  prepared  in  two  different  German  towns,  indicated 
the  presence  in  it  of  the  following  per  centa  of 

I.  n. 

Wiiter 84.00  ifl.OO  30.00 

Oi^nic  sDil  Tolstile  mstten    .     .     1B.3S  10.00  B.OO 

Nitrc^en O.tO  Not  determined. 

Phosphoric  acid O.IB  1.06  l.SS 

I4me       24.40  80.S0  41.00 

HRgncua D.S8  0.77 )  q  „_ 

PotiBh 0.2S  0.04) 

Hervi-Mangon  reports,  as  the  result  of  numerose  analyses,  that 
Mosselmann's  product  hardly  contains  half  of  one  per  oent  of 
nitrogen. 

About  the  same  time  that  Mosselmann  published  his  process  in 
France,  the  chemist  Alex,  Miiller  was  occupied  with  experiments 
npon  the  action  of  lime,  at  Stockholm.  Miiller  found  that,  wheu 
fresh  fiecea  are  mixed  with  lime,  only  an  insignificant  quantity  of 
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amtDonia  is  given  oS.  He  proTed,  indeed,  by  anmeioiu  expori- 
nents,  that  frebb  fnces  do  sot  contain,  on  the  average,  mon  than 
0.1%  of  ammonia. 

Mailer,  like  Moaselmaon,  found  tbat  it  ie  easy  to  oonrert  solid 
excrement  into  a  dry  powder,  fit  to  be  transported,  by  the  uaa  of 
lime.  He  urges,  however,  that  the  proportion  of  lime  should  be 
kept  aa  small  as  possible,  and  that  it  will  URiially  be  best  to  resort 
Id  air  and  the  sun's  beat  in  onler  to  complete  the  drying.  He  sujf- 
gests  also,  tbat,  whenever  the  process  is  applied  to  night-soil  that 
has  begun  to  ferment,  some  acid  substance  snch  as  superpboaphate  of 
lime,  or  peat  wet  with  sulphuric  acid,  should  be  employed  to  retain 
the  ammonia. 

A  Gennan  mechanic  named  Schur,  seeking  to  bring  Mailer's 
ideas  into  practical  use,  constructed  a  closet  in  such  manner  that, 
while  the  fteces  and  nrine  were  separated,  the  fkoes  were  covered 
with  a  small  ijnantity  of  powdered  lime  mixed  with  a  little  fine 
charcoal,  something  in  the  same  way  that  dry  earth  is  now  ap- 
plied in  the  earth-closet.  A  sample  of  the  dry  product  from  one 
of  these  lime-closets  was  found  to  contain  2%  of  nitrogen  and  i%  of 
phosphates. 

The  mode  of  action  of  the  lime  upon  the  excrement  is  similar  to 
ite  action  upon  other  forms  of  nitrogenuEed  organic  matter,  as  has 
been  set  forth  under  the  head  of  Fish  Waste.  Insoluble  compounds 
of  lime  and  organic  matter  are  fornted,  which,  so  long  as  they  are 
kept  dry,  resist  decay  and  putrefaction.  A  small  incidental  advan- 
tage ia  that  the  lime  retains  the  phosphoric  acid  of  the  urine  also, 
though  the  amount  of  it  is  never  very  large  (according  to  MUller 
the  proportion  of  phosphoric  acid  in  fresh  urine  may  vary  from 
0.1S  to  0.3%).  For  that  matter,  Utllter  found  that  the  phosphoric 
acid  in  fresh  urine  may  be  completely  precipitated  by  adding  a 
amall  quantity  of  a  soluble  lime  salt  and  a  little  hydrate  of  lime, 
L  e.  enough  to  make  the  liquid  alkaline. 

The  evaporation  of  water  from  the  excrements  by  the  beat  de-  ■ 
veloped  during  the  slaking  of  the  lime  is  an  important  considera- 
tion, of  course,  but  it  is  altogether  subordinate  to  the  union  of  the 
lime  and  the  organic  matter  on  which  the  preservation  of  the  ma- 
terial depends. 

It  is  noteworthy  that  the  use  of  lime  for  preser^'ing  excrement  is 
a  very  old  idea,  and  that,  in  addition  to  the  efforts  above  mentioned, 
a  attempts  have  been  made  to  put  it  in  practice. 
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Sir  Hamphr^  Dary,  in  his  Lectaraa  ddiTend  in  London  at  the 
beginning  of  this  century,  says  :  "  The  diaagreeabla  mnell  of  uigbt- 
soil  may  be  destroyed  by  mixing  it  with  quicklime.  If  exposed  to 
the  atmosphere  in  thin  layers,  strewed  over  with  quioklime,  in  fine 
weather,  it  speedily  dries,  is  essUy  pulvaiised,  and  in  this  state  may 
be  used  in  the  same  manner  as  lape-cake,  and  -delireied  into  tba 
furrow  with  the  seed." 

From  a  subsequent  paragraph  it  is  to  be  inferred  that  Dary  be- 
lieved that  the  Chinese  use  quicklime  in  this  way ;  and  it  is  well 
known  that  quicklime  is  often  placed  in  oofiins  iu  China  to  prevent 
nr  retard  the  decomposiUon  of  the  corpse.  As  long  ago  as  1802, 
Ektienne  proposed  to  prepare  manure  from  night-soil  by  mixing  its 
■olid  portion  with  lime,  and  drying  the  mixtors  in  the  sun.  Pajen 
at  one  time  bad  much  to  say  upon  the  subject. 


CHAPTER  VL 

A  GLANCB  AT  THE   HISTOBT  OF  THE'DSK  OF  XAKUBEB. 

It  would  appear  that  the  use  of  ashas,  as  obtained  by  burning 
trees  or  grass  upon  the  land  to  be  cultivated,  vas  Uie  first  kind  of 
manuring  employed  in  most  cases,  if  not  in  all  caae&  Then  the 
dung  of  animals  was  used,  then  straw,  and  so  on. 

Dung  was  obtained  at  first  from  wild  regetation,  notably  that 
from  bog-meadows,  postores,  and  forests ;  afterwards  it  was  derived 
from  water-meadows,  and,  still  later,  from  proper  hay-fields ;  then 
from  fallow  crops  and  from  the  refuse  of  merchantable  crops,  viz. 
bom  straw,  bran,  brewers'  grains,  potato  slop,  grain  slop,  oil  cake, 
beet  cake,  rice  feed,  gluten  meal,  and  the  like. 

The  use  of  straw  as  an  addition  to  stable  mannre  also  character- 
izes one  very  important  stage  in  the  history  of  agriculture^  — a  stage 
which  it  is  always  interesting  and  profitable  to  consider.  In  new 
countries  that  are  fairly  fertile,  straw  is  often  regarded  as  a  mere 
nuisance  and  incnmbrsnce  to  the  ianner,  which  he  is  glad  to  get 
rid  of  as  speedily  as  may  be,  by  burning  it,  or  by  throwing  it  into 
a  river  if  opportunity  offer.  Many  parts  of  California  are  in  such 
condition  to-day  that  the  straw  of  the  gnun  crops  is  burnt  at  once, 
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either  as  fuel  for  beatiug  the  boileiB  of  thresh ing-machi net,  or  merely 
fur  the  Bake  of  destroy  iiig  it.  One  great  inceDtive  to  the  bumiu({ 
of  straw,  especially  in  a  dry  cliiuate,  is  the  need  of  putting  it  out  of 
the  way  of  taking  fiie  at  an  unsuitable  time,  and  so  doing  damage 
to  houses,  or  feneaa,  or  orope. 

The  extreme  dTyneea  of  the  climate  of  California  makea  the  prob- 
lem of  dealing  justly  there  with  atraw  an  extremely  difficult  one. 
During  the  larger  part  of  the  year  there  is  not  rain  enough  to  keep 
the  heaps  of  straw  moist,  and  no  way  is  known  of  totting  the  straw 
except  by  bringing  water  to  it  artificially,  or  by  making  the  beajM 
in  some  natural  depression  or  miry  place.  But  in  climates  like  that 
of  Central  Europe  and  of  our  own  Northern  States,  there  is  little 
or  no  trouble  in  rotting  straw  if  the  farmer  wishes  to  do  so. 

As  a  matter  of  history,  it  would  seem  that  at  a  very  early  period 
straw  was  used  for  feeding  and  bedding  cattle  in  rather  a  crude  way. 
One  plan,  often  carried  out  even  now  with  bog-meadow  bay  by 
Irishmen  in  the  vicinity  of  Boston,  was  to  stack  the  straw  near  the 
homestead,  and  allow  the  animals  to  have  free  access  to  the  stack, 
so  that  they  could  pick  out  what  they  wished,  and  lie  upon  the  por- 
tions which  had  been  pulled  out  and  trampled  upon,  bnt  not  eaten. 
Uae  gain  in  this  system  is,  that  the  droppings  of  the  animals  tend 
to  collect  in  one  place,  instead  of  being  scattered  about  the  field. 
Stack  feeding  is  really  a  crude  devioa  for  saving  manure. 
Straw-gardt. 

The  straw-yards  of  old  English  &ruis,  and  of  many  English  farms 
of  the  present  day  for  that  matter,  were  little  more  tlian  method- 
ical expressions  of  the  idea  of  the  stack.  These  straw-yanls  were 
special  enclosures,  in  which  cattle  were  turned  loose  to  eat  straw, 
and  to  trample  upon  that  which  they  did  not  caie  to  eat. 

According  to  Loudon,  the  straw-yard  was  often  an  enclosure  at 
the  centre  of  the  farmyard  ami  adjacent  to  the  dung-pit  or  basin. 
It  had  sheds  open  to  the  south,  and  was  protected  by  high  fences 
from  north,  east,  and  west  winds,  —  the  idea  being  to  let  the  cattle 
work  at  their  leisure  upon  the  straw,  to  allow  them  to  eat  more  or 
less  of  it  according  to  the  quality  of  the  straw  and  the  vigor  of 
their  appetites,  and  to  trample  a  large  proportion  of  it,  in  any  event, 
into  the  dung  beneath  their  feet. 

In  Germany,  which  is  in  general  a  much  poorer  country  than 
England,  more  attention  has  always  been  paid  to  the  methodical 
feeding  out  of  straw  than  in  England ;  though  even  in  Germany  a 


jbvGooglc 


94  AGBICTJLTURB. 

large  proportion  of  atraw  ia  used  for  bedding  animals  that  are  kept 
confined  in  stables  througbout  the  year,  and  so  goes  dinctlf  to  the 
dung-heap. 

It  appears  to  have  been  found  out  at  a  very  early  period,  in  a 
purely  empirical  way,  that  the  farms  which  were  dressed  with  ma- 
nure that  contained  plenty  of  straw  were  kept  in  better  heart  than 
farms  which  were  dressed  with  mere  dung;  that  ia  to  say,  tban 
farms  which  were  dreaeed  with  the  dung  of  animals  that  had  not 
had  access  to  straw,  BB  was  just  now  described,  and  )>ad  not  been 
bedded  with  straw. 

Undoubtedly  the  acquisition  and  formulation  of  this  knowledge 
was  a  very  slow  process,  but  when  once  the  conception  hod  been 
fairly  grasped  it  was  not  forgotten.  Indeed,  there  are  to-day  few 
rules  in  agriculture  which  are  so  firmly  Sxed  and  so  tenaciously 
held  as  this,  vix.  that  straw  must  on  no  account  be  sold  off  a  farm, 
but  must  either  be  eateD  upon  the  form  by  cattle,  or  be  in  some  way 
incorpoiated  with  their  dung  and  rotted  in  ooig'anction  with  the 
dung. 

Slraie  uuduly  eiteeitud. 

In  many  parts  of  Europe  the  owners  of  land  have  insisted,  since 
a  very  early  period,  that  no  straw  shall  ever  go  off  the  land  nndi^r 
any  circumstances.  In  signing  his  lease,  before  taking  possession 
of  a  farm,  the  tenant  is  bound  to  consume  the  straw  of  all  grain 
crops  upon  the  farm,  and  to  apply  it  to  the  land  iu  some  form ;  just 
as  he  is  bound  to  use  upou  the  farm  all  Uie  manure  which  the  ani- 
mals kept  upon  it  may  produce.  Upon  this  fundamental  basia 
modem  ^riculture  has  been  built  up. 

It  is  now  known  very  well  why  it  is  that  straw  serves  so  good  a 
purpose.  It  is  known  that  straw  letcuns  a  gieat  mass  of  potash, 
lime,  and  other  ash  ingredients,  which  are  left  behind  in  the  atraw 
after  having  served  their  respective  functions  in  the  grain  plant  and 
helped  to  perfect  the  seed. 

By  carrying  back  the  straw  to  the  land,  the  &rmeT  is  enabled  to 
use  these  ash  ingredients  over  and  over  again,  and  to  escape  all  risk 
of  exhausting  the  land  of  inorganic  mstter,  except  in  respect  to  the 
single  item  of  phosphoric  acid,  which  ia  carried  off  in  considenbb 
quantity  by  the  grain. 

SubttituUi  for  Strata. 

When  once  the  whole  system  of  European  agriculture  had  come 
to  be  based  upon  the  use  of  straw,  this  substance  was  not  unnatu- 
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laliy  regarded  u  in  some  sort  a  neceseit;,  witboiit  which  fimuiug 
could  budlf,  aa  people  deemed,  be  carried  on  with  profit.  Hence  a 
Bearch  for  aubetitutea  for  straw,  aud  the  use  of  leaves  and  the  nkings 
of  woodland. 

The  use  of  leavee  as  a  nianure  marks  in  its  tarn  one  distinct  step 
in  the  histoij  of  fwtilizecs.  It  is,  in  fact,  the  point  which  oui  im- 
mediate btheis  had  reactied  here  in  Nav  England,  and  it  would 
perhaps  be  hard  to  find  to-day  a  good  fiirmer,  who  has  lired  liia 
sixty  years,  who  will  nut  insist  that  it  is  good  practice  to  collect 
leaves  in  the  autumn  for  bedding  and  composting.  One  of  the  inost 
prominent  agriculturists  in  Germany,  Professor  Watz,  who  was  for 
a  long  while  Director  of  the  Agricultural  School  at  Hohenheim,  the 
leading  agricultural  school  in  the  world,  insisted  strenuously  to  the 
last  that  wood-raking  was  a  very  important  point  in  the  practice  of 
good  husbandry.  lu  the  second  edition  of  his  little  book  entitled 
"Diinger  und  Waldstreu,"  issued  so  recently  as  1870,  that  is  tossy, 
ill  the  &ce  of  all  that  was  then  known  of  the  use  of  artificial  fertil- 
izers, Walz  still  clings  to  the  old  idea  with  gi«at  pertinacity. 

For  his  original  text,  Wolz  discourses  as  follows.  The  complaints 
of  larmers  as  to  the  lack  of  materials  for  littering  their  animals,  and 
the  consequent  deficiency  of  manure,  grow  louder  and  louder,  and 
are  beard  in  many  difierent  r^ons ;  while,  upon  the  other  hand, 
the  foresters  in  many  districts  complain  that  the  rate  of  growth  of 
wood  is  continually  decreasing  because  of  the  too  frequent  raking 
of  the  woodland  on  the  part  of  the  farmers.  Meanwhile,  he  goes 
on  to  say,  an  idea  is  abroad  that  Germany  has  very  nearly  reached 
the  limit  of  her  power  of  agricultural  production,  that  she  cannot 
support  a  la^er  population  than  now  oxista,  and  that  consequently 
the  government  should  encourage  emigration.  He  then  proceeds  to 
tell  how  these  real  or  imaginary  evils  may  be  met  and  overcome,  if 
the  farmers  will  but  avail  themselves  of  the  means  which  are  already 
at  their  disposal.  His  book  is,  in  fact,  an  admirable  exposition  of 
the  idea  which  has  so  often  found  expression  in  our  own  agricultural 
literature,  of  using  thoroughly  the  means  which  are  to  be  found  at 
the  farmer's  door,  i.  e.  the  things  which  are  kuown  to  him,  and 
which  are  readily  accesuble. 

lu  this  way  he  sought  to  compose  the  standing  dispute  between 
the  farmers  and  the  foresters,  aud  insisted  that  a  part  of  the  plan 
of  conducting  a  tract  of  woodland  should  be  to  make  it  produce  a 
crop  of  rakings  for  the  farmer's  use,  as  well  as  merchantable  timber 
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and  cord-wowi  Among  other  things.  Wall  urges,  aa  has  boen  aaid, 
that  one  capital  way  of  aaviny  dung  is  to  put  it  upon  the  field  in 
the  freshoat  posublu  condition.  For  he  had  found  in  hia  own  ex- 
perience that  frwh  duug  goes  a  gnat  deal  further,  L  e.  it  expends 
to  much  better  advautage,  than  old  well-rotted  dung. 

Dead  Leava  contain  but  little  Plant-food. 

With  r^ard  to  the  composition  of  leaves,  it  should  ba  said,  that 
there  is  leally  no  very  large  amount  of  fertiliiing  matter  in  autumn 
leaves  any  way,  and  that  they  aro  generally  inferior  to  straw. 
Conudered  merely  aa  manure,  it  will  not  be  worth  the  farmer's 
while  to  spend  much  time  or  money  in  collecting  da&d  leaves. 

Of  oouiae,  leaves  are  often  useful  and  really  valuable  to  the 
householder  in  northern  climates  as  a  means  of  linking  up  around 
sheds  and  bams  and  houses,  to  keep  out  the  winter's  cold ;  and  iu 
the  some  sense  the  leaves  may  sometimes  be  valuable  for  bedding 
cattle  or  swine  which  would  otherwise  not  be  sufficiently  proteutetl 
from  the  cold ;  and  in  either  of  these  events  the  subsequent  use  of 
the  leaves  as  manure  will  follow  as  a  matter  of  course.  But  as  a 
general  rule,  at  least  for  countries  that  are  kept  free  from  fires,  tlie 
dictum  of  the  German  foresters  that  woods  should  never  be  laked 
is  clearly  correct. 

As  a  means  of  promoting  the  growth  of  wood,  the  luaves  have 
a  real  value  which  can  be  realized  at  no  cost  whntaoever  other 
thai)  the  pang  which  soma  farmara  would  feel  of  letciug  the  leaves 
alone. 

But  in  case  the  leaves  are  regarded  primarily  aa  manure  to  ba 
used  upon  farmland,  the  cost  of  collecting  and  handling  them  will 
seem  large,  and  the  expense  would  in  fact  usually  amount  t»  mure 
than  the  leaves  are  worth.  Autumn  leaves  are  necessarily  compara- 
tively poor  in  potash,  pbospborio  acid,  and  nitrogen,  unce  these 
constituents  pass  out  from  the  leaves  into  the  body  of  tlis  tree  with 
the  approach  of  winter,  there  to  he  held  in  store  for  next  year's  uac. 
In  one  sense  it  would  he  perfectly  correct  to  say  that  dead  autumn 
leaves,  even  those  that  have  never  been  leached  by  rain,  have  been 
weUnigh  exhausted  of  their  most  valuable  fertiliring  constituents. 
But,  as  is  well  known,  conuderable  qnantitiee  of  the  less  valuable 
kinds  of  ash  iDgre<.1  tents,  notably  silicic  acid  and  lime,  remain  in  the 
fallen  leaves.  For  the  best  quality  of  autumn  leaves  recently  fallen 
from  hard-wood  trees,  and  not  yet  subjected  to  leaching  or  decay, 
there  may  be  allowed  from  ^  to  ^  of  one  per  cent  of  potash,  from 
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tSv  ^•fif"^  pliosphoric  acid,  and  about  ]  of  «  per  cent  of  nitrc^n ; 
or  in  a  ton  of  AUtamn  leavea  of  the  best  quality,  say  6  lb.  of  potaah, 
leas  than  3  lb.  of  phosphoric  acid,  and  10  or  15  lb.  of  nitrogen; 
whereas  in  a  ton  of  ordinary  stiav  there  would  be  from  10  to  20 
lb.  of  potash,  ttom  4  to  6  lb.  of  phoephorio  acid,  and  some  6  or 
7  lb.  of  nitrogen. 

The  nse  in  tbe  barnyard  of  peat,  and  of  Bods  or  loam  taken  from 
headlands,  like  the  use  of  leaves,  is  evidently  an  ontfjinwth  from  tbe 
USB  of  straw.  This  practice  uf  using  earth  comnieuds  itself  in  gen- 
eral, in  ^ite  of  the  facts  that  the  eartli  contains  but  little  fertiliziug 
material,  and  that  in  getting  out  the  loam  or  peat  a  great  deal  of 
labor  baa  to  be  expended  for  tbe  soke  of  a  very  small  acquisition  in 
direct  chemical  [rawer.  For  it  is  to  be  Doti(»d  that  no  other  crop 
is  robbed  when  loam  is  brought  to  tbe  barnyard  from  waste  places, 
and  that  labor  can  usually  be  expended  upon  this  enterprise  at 
times  when  there  is  little  else  to  be  done  upon  the  farm.  Moro- 
over,  the  task  is  a  more  manageable  one  than  tliat  of  collecting  and 
storing  leaves,  and  admits  of  being  methodized. 

Litne,  Marl,  and  Soot  imxeetl  AtAtt. 

After  straw,  the  use  uf  limo  and  marl,  and  of  sout,  came  in,  in  a 
purely  empirical  way ;  and  it  is  fnim  the  use  of  these  amendmeuta, 
as  well  OS  from  that  of  ashes,  that  the  modern  practices  nf  using 
artificial  fbrtilizera  have  grown  up. 

First  came  bones  and  crushed  bones,  bone-meal,  and  bone-black ; 
then  guano  from  Peru  and  from  Ichaboe,  bone  superphospbRte, 
phosphatic  guano  and  euperpbosphatea  made  therefrom  and  from 
coprolites,  sulphate  of  ammonia,  nitrate  of  soda,  Norwegian  fish 
scrap,  superphosphates  from  rock  phosphates,  rectified  guano, 
American  fi^  scrap,  and  flesh-meal ;  and  between  whiles,  rape- 
cake  and  other  forms  of  oil-cake,  malt  sprouts,  and  lof^  as  well  ns 
the  system  of  feeding  animals  upon  grain  and  oil.cake,  and  distil- 
loryslop,  for  tbe  soke  of  improving  their  dung;  last  of  all,  dried 
siaugbteishonae  refuse,  potash  salts,  and  attempts  to  gain  profit  by 
means  of  sewage  irrigation. 

A  fSurvival  of  Soot  Manuriaff. 

An  interesting  instance  of  the  use  of  soot  in  conjunction  with 
straw  has  reoently  been  noticed  on  one  of  tbe  Scotch  islands.  On 
the  island  of  Lewis,  namely,  the  huta  of  the  inhabitants  are  pur- 
posely built  without  chimneys,  and  hare  a  roof  composed  of  ptit-ka 
upon  which  is  laid  a  mass  of  gmfn  stubble,  which  in  ita  turu  is 
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coreied  with  a  tlutching  of  loiig  straw.  The  prime  object  of  thia 
thick  coveting  in  to  keep  out  the  cold ;  but,  in  the  absence  of 
chimneyB,  the  stubble  becatDee  perfectly  saturated  with  soot,  and 
every  spring  it  is  taken  off  and  utilized  as  manure  upon  the  potato- 

During  the  summer  the  too&  are  covered  only  vith  the  thin  outer 
ityer  of  thatch  which  is  reserved  for  this  purpose;  that  b  to  say, 
the  straw  is  carefully  taken  off  and  replaced  upon  the  sticlu  after 
the  sooty  stubble  baa  been  removed.  But  next  autumn,  when  the 
gtaiu  is  pulled,  the  stubble  ends  of  it  are  pat  upon  the  roof.  Evi- 
dently a  tolerably  complete  manure  must  be  got  from  the  ash  ingre- 
dients of  the  straw  plus  the  nitrogen  of  the  soot 
Hoa  to  uu  ArtifieiaU. 

At  the  present  time,  oue  important  lesson  to  be  learned  is  how 
to  use  the  artificial  fertilizers  to  the  best  possible  advantage  in  con- 
junction with  dang;  or,  rather,  how  to  supplement  and  eke  out 
the  dui^  of  animals  by  means  of  artificial  fertilizers  in  such  wise 
that  the  utmost  profit  shall  be  got  both  from  the  dung  and  from 
the  chemicals.  There  are  special  cases  of  course  where  it  may  be 
beet,  on  the  whole,  to  use  artificial  fertilizers  by  themselves,  as  upon 
fields  that  are  distant  from  the  foruyard,  and  in  places  that  are 
steep  or  inaccessible,  far  in  such  situations  fertilizers  that  are  con- 
centrated and  portable  may  have  an  enormous  advantage  over  barn- 
yard manure,  in  respect  to  economy  of  carriage  and  apphcatioa. 

The  significance  of  artificial  fertilizers  considered  as  supplements 
to  fonnyard  manure  may  be  seen  very  clearly  by  considering  the 
pains  that  used  to  be  taken,  in  districts  where  high  farming  pre- 
vailed, to  "  prepare  the  land  "  for  wheat  and  for  barley.  As  will  be 
seen  more  in  detail  under  the  head  of  Rotation  of  Crops,  fiumers 
were  averse  to  applying  barnyard  manure  to  these  grain  crops  be- 
cause of  its  tendency  to  encour^ce  too  rank  a  growth  of  straw. 
When  they  did  apply  manure  to  theso  crops,  they  took  care  that  it 
should  be  well  rotted.  The  commna  plan  was  to  apply  the  manure 
to  a  root  crop,  or  to  clover,  that  preceded  the  grain.  But  by  means 
of  light  dressings  of  dung  used  in  conjunction  with  artificial  fertil- 
izers, each  one  upon  the  crop  that  is  best  suited  by  it,  it  is  passible 
not  only  to  manure  grain  directly,  but  to  expend  the  manure  of  the 
farm  to  better  advantage  titan  was  the  case  formerly. 

Hereafter,  no  doubt,  the  problem  how  to  get  along  with  artifioial 
fertilizers  by  themselves,  withoBt  using  any  dung  at  all,  will  pi»- 
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mnt  itmlf  in  cartaiu  localiliea  more  commonly  tlian  it  has  hiLberto, 
tuid  tbia  qaeition  will  be  a  difficult  one  to  answer  in  a  tboronglily 
satiaiactury  anil  Monomical  way.  To  solve  a  problem  sacb  as  this, 
theie  will  be  needed  two  or  three  geueratiotis  of  farmers  well 
grounded  in  scientific  conceptions,  and  opeu-minded  ennugh  to 
weigh  a  prejudice  and  connt  it  at  something  like  its  true  wortii. 
ifatttff  Valut  of  J)ttng. 

At  present  the  question  is  oontinually  asked.  How  nioch  is  a  ton 
of  formyaid  manure  really  worth,  as  compared  with  a  ton  of  mixed 
arti&uial  fertilizers  1  But,  aa  farms  are  now  constituted,  it  is  not 
easy  to  give  to  this  question  a  precise  answer,  especially  iu  view  of 
the  peculiarities  of  stable  manure,  which  were  discussed  on  a  pre- 
vious page. 

Probably,  for  the  generality  of  cases,  the  best  way  of  estimating 
tlie  price  of  manure  will  be  to  observe  carefully  the  cost  of  making 
it  at  each  particolar  &rm ;  or,  if  the  running  expenses  of  his  stable 
are  already  fomiliar,  the  fanner  can  calculate  the  coat  of  buying  new 
quantities  of  food  wherewith  to  keep  more  cattle,  and  estimate  what 
will  be  the  coat  of  the  fertilizing  constituents  thus  obtained.  With 
the  definite  standard  of  valae  thus  obtained,  the  prices  of  the  com- 
mercial fertilizers  may  readily  be  contrasted. 

Considered  as  a  whole,  maiiure  can  undoubtedly  be  made  at  the 
&rm  in  moat  localities  much  more  cheaply  than  a  mixture  of  its 
constituents  could  be  compounded  from  purchased  materials.  But, 
as  has  been  shown  already,  whenever  occasion  requires  that  a  spe- 
cial manure  (whether  nitrogenona,  phoaphatio,  or  potasaic)  shall  be 
used  on  a  particular  crop,  it  will  ordinarily  he  cheaper  to  buy  and 
use  such  special  fertilizer  as  a  reinforcement,  than  to  apply  enough 
Cinnyard  manure  to  siipply  the  needed  material.  The  conclusion 
being  that,  almost  always,  artificial  fertilizers  should  be  used  in 
conjunction  with  modeiate  doses  of  farmyard  manure  to  supplement 
its  deficiencies. 

According  to  Voelcker'a  analysia  of  farmyard  manure  thi«a 
iDontha  rotted,  there  is  contained  in  a  ton  of  it  24  lb.  of  potash, 
6  lb.  of  phosphoric  acid,  and  15  lb.  of  nitrogen,  and  if  5  cents  a 
pound  be  allowed  for  the  potash  and  phosphoric  acid,  and  no  more 
than  10  cents  a  pound  for  the  nitrogen,  the  ton  of  manure  will  be 
worth  at  least  $3.00,  and  a  cord  (taken  as  weighing  3^  tons)  would 
be  worth  110.50.  If  IS  cents  be  allowed  for  the  pound  of  nitro- 
gen in  rotted  stable  manure,  theu  the  ton  would  be  worth  $3.76, 
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and  ^  tons  $13.  But  the  eo8t  of  making  and  diotribatUig  nu< 
UQi'e  un  nuwt  fimna  u  notoriously  less  than  either  of  these  figures. 
Perhaps  half  the  sum  last  named  would  be  a  liberal  estimate. 

Each  &rmer  most,  of  coarse,  consider  for  hinuel^  as  a  secondary 
question,  the  coat  of  hauling  and  distributing  the  heavy  and  bulk; 
luanun,  and  of  working  it  into  the  land,  as  compared  with  the  ex- 
pense of  transporting  and  handling  the  couceutratad  fertilizers. 

Bettweiler  has  computed,  ia  the  following  terms,  tbo  cost  of  pro- 
duciug  cow  manure  per  head  and  per  year,  at  four  different  £ums  in 
Qonasny,  from  which  the  milk  is  sold  u  such. 

I.  IL  IIL         IT. 

Cort  of  fodder  coiunmed 9l3S      9130      |1SS      (119 

Cost  of  care  tnd  attendance 11  11  11  11 

Cost  of  bedding,  L  e.  ](  tons  of  stiaw  per  year 

and  head S  S  8  S 

Dfipreciation  of  the  aniinal,  eta. 8  3  IS  S 

Bam  of  these  expenses lid}      $163      |ii«      (ITS 

Income  Ihim  sole  of  milk IM        14S        179        148 

Cost  of  manon  of  one  cow  for  one  year      .    .       f  II       f  11       ~fG       |^ 

He  reckons  that,  bedding  included,  one  cow  will  piodace  11  tons 
of  manure  iu  a  year. 

Propo»al»  for  Mixturtt. 

After  all  that  has  been  said  iu  relation  to  the  superiority  of  dung 
and  urine,  it  is  still  true  —  making  due  allowance  for  this  superi- 
ority —  tliat  some  useful  suggestions,  both  for  using  the  artificial 
fertilizers  in  conjunction  with  farmyard  manure,  and  for  using  tha 
artificial  fertilizers  by  tht^mselves  as  substitutes  for  farmyard  ma- 
nure, or  in  competition  with  it,  may  be  got  by  writing  out  schemes 
aiich  as  the  examples  given  in  the  following  table,  iu  which  tiie 
fertilizers  or  mixtures  enumerated  contain  the  stated  number  of 
[louuds  of  plant-food. 

WtrogCTi.   '^J^    Potash. 
S  cords  of  excellent  farmyard  mnunre,  S  montba 

ratted,  that  •reif^hs  3}  tons  to  the  coid  ....     ISO  IDS  19S 

1  conls  of  sneti  maniiTB  and  850  lb.  of  a  aaprrpbos- 

phBteofl2%P|0,  (a  inistaTe  used  for  turnips)    .      60  128  M 

4  corJa  of  the  fanuyard  manure  and  400  lb.  fish 

scrap  (of  1%  N  and  61%  P»0,) SS  110  B« 

4  cords  of  the  rBrmyanl  asuare  and  200  lb.  Prra 

gusno(or8%If,  14%P,0j,  and8%E|0)    ...      78  US  lOS 

3  cords  of  tach  manare  and  1,000  1h.  cotton-seed 

me«l(or7%N,2|%P,0^aadll%KtO)  .    .    .    100  70  88 
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A  mixtn™  of  600  lb.  bcWB-nwd  (of  i%  N  and  2S%   NlHo-     ncnh.    p,(^_ 
P,0.)  nod  30  bu»heU  wood  uih«a  ®  IS  ib.  (of     "^        *^' 
a%  PiU(  and  8^%  K«0) 30  ISl  123 

A  miituTe  of  30  busb«I>  wouJ  Nsbea  sad  1,000  lb. 

fiohscnp 70  M  i:S 

A  nixtan  of  SO  btuh«I>  wood  MbM  and  BOO  lb. 

nitrate  of  wda M  SB  1S3 

A  mixtun  of  SO  buBbida  wood  aibcs  and  1,000  lb. 


A  miztara  of  1,000  lb.  fish  scrap,  and  SOO  Ib.  Diari- 

ata  of  potash  of  S0% 70  «S  100 

A  tnUtara  of  SOO  lb.  cotton-ned  meal,  400  lb.  bona- 

meal,  and  SOO  lb.  mnriata  of  potaah 73  111  113 

A  Duitore  of  SOO  lb,  bone-meal,  100  Ib.  mnriate  of 

potash,  and  200  lb.  nitrate  oF  soda 5G  13S  CO 

A  niiztiin<  of  1,000  Ih.  Hah  acrap  and  SOO  lb.  kainlt 

ofI9%E,0 70  05  9S 

A  miztum  of  200  \h.  ■Dperphosphale  of  li%  aolable 

F,0|,  1,000  lb.  fiah  acrap,  and  200  lb.  raariata  of 

potanh 70  39  100 

AmiztaraofSDOlb.  mperphosphate trf' 12^  1,0001b. 

cotton-sped  meal,  and  100  lb.  mariale  of  potash   .70  U  89 

A  nuitnre  ot  400  lb.  ■aperpbosphate  of  13%,  300  lb. 

nitnta  of  aoda,  and  SOO  Ik  kainit  of  13%  E,0     .      40  iB  H 

A  miitan  (iqggeat«d  hj  lonw  of  thoae  naed  b; 

iAwes  and  GUbeit)  of  200  lb.  bons-ash  (of  S2% 

P^,]  that  baa  basn  treated  with  acid,  300  lb. 

anlpbate  of  ammonia,  and  GOO  lb.  kainit    ...      SO  04  SO 

Amiztnrc  of  SOO  lb.  ■apnphoaphate  of  i2%  soloUa 

photphoric  acid  and  36  buafaela  wood  aahea     84         103 

It  Bhoold  be  distinctl;  nndeietood,  however,  that  ench  schemea 
ean  do  no  mora  than  indicate  the  araoanta  of  the  more  impurtatit 
kinda  of  plant-foods  that  ara  contained  in  the  mixtures  enumerated. 
They  do  not  teach  thnt  one  or  anntber  of  the  mixtures  ia  aa  good  as 
fonnyaTd  manure.  lofonnation  such  as  that  cau  only  be  gained  bj 
trial  of  the  mixtuies  jipon  the  particular  field  which  it  ia  proposed 
to  cultivate. 

It  will  be  remembered  withal,  that  the  artificial  fertilisers  nre 
often  applied  with  reference  to  but  a  single  crop,  white  it  is  onm- 
monly  expected  that  the  influence  of  a  dresoin^  of  farmyanl  manure 
shsll  be  felt  for  several  years;  and  it  will  be  well  to  consider 
whether  an  appreciable  proportion  of  the  benefit  derived  ^m  the 
mannie  may  not  be  dne  to  the  enconr^emeut  it  gives  for  the 
growth  of  usefnl  microscopic  organisma  in  the  soil,  that  ia  to  any, 
to  its  bringing  the  land  into  a  good  condition  of  fermentation. 
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In  dnwing  np  any  snch  Khemee  as  the  foregoing,  the  farmer  will 
naturally  lean  towards  tbe  fertilizers  most  readily  procutable  in  his 
vicinity,  and  to  the  kinds  of  plant-food  beat  soited  to  the  crops  he 
means  to  cultivate. 

Practical  Svggettwui  for  Mixturei. 

Another  way  of  fornitilating  the  quantities  of  fertiliEera  to  be 
given  to  a  crop  is  suggested  by  the  following  "  genera]  rule,"  pro- 
posed by  Heiden  as  applicable  for  manuring  potatoes  either  on 
heavy  or  on  light  land.  For  each  pound  of  nitrogen  applied  to  the 
land,  iVom  3  to  5  lb.  of  phosphoric  acid  should  be  given,  according 
AS  more  or  less  time  has  elapsed  since  the  land  was  dressed  with 
dung.  The  amount  of  nitrogen  to  be  applied  to  an  acre  may  ntnga 
from  12  to  25  lb.,  and  that  of  phosphoric  acid  from  65  to  75  lb. 
In  case  potash  is  needed,  he  recommends  that  800  or  1,000  lb.  of 
the  double  sulphate  of  potash  and  magnesia  should  be  used. 

Some  years  ago  Mr.  Lawes,  judging  from  observation  and  from 
the  field  experiments  of  Gilbert  and  himself,  published  some  prac- 
tical suggestions  for  farmers  as  to  the  amounts  of  fertilizers  that  cau 
be  used  with  advantage.  For  wheat  he  recommended  that  farm- 
yard manure  should  be  applied  directly,  in  case  the  land  was  light ; 
hnt  on  heavy  land  he  would  have  the  manure  applied  to  mangolds, 
and,  as  a  manuring  for  the  wheat  that  followed  these  roots,  he  would 
strew  and  harrow  in,  just  before  seeding,  from  200  to  300  IK  of 
guano  to  the  acre.  Many  English  fiumets,  he  says,  have  found 
their  advantage  in  adding  to  the  guano  twice  its  weight  of  common 
salt 

For  barley  or  oats,  in  case  either  of  these  crops  should  follow 
grain,  he  recommended  200  lb.  of  guano  or  of  nitmte  of  soda,  and 
200  lb.  of  superphosphate,  to  be  harrowed  in  as  before  ;  but  in  case 
the  crops  followed  turnips  or  mangolds,  half  these  quantities  of  the 
artificial  fertilisers  would  be  sufQcient,  because  of  the  unexpended 
mannre  already  in  the  land. 

In  case  any  grain  crop  should  soem  to  be  in  need  of  a  top-dressing 
in  late  spring,  nitrate  of  eoda,  applied  at  the  rate  of  100  to  126  lb. 
to  the  acre,  may  he  commended. 

Mangolds  are  well  suited  by  heavy  dressings  of  farmyard  manure, 
especially  when  the  land  is  heavy,  the  mannre  to  be  applied  at 
the  rate  of  from  15  to  20  tons  to  the  acre,  together  with  200  or 
300  lb.  of  guano  mixed  with  400  to  600  lb.  of  common  salt  [oi^ 
better,  with  Stossfurt  muriate  (I)]. 
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For  potatoes,  Lawes  did  Dot  commend  the  usual  method  of  dress- 
ing heavily  with  dung,  but  recumraended  that  the  dung  should  he 
applied  to  a  previoua  crop,  and  that  the  potatoes  should  receive  la 
their  turn  160  to  200  lb.  of  guauo,  together  with  as  much  super- 
phoBphate. 

Hops,  he  sajB,  need  to  be  dressed  abundantly  with  animal  or 
T^etable  mnttera  that  are  not  too  forcing,  such,  tot  example,  as 
woollen  ngs,  wool  dust,  hom-meal,  rape  cake,  or  hide  scraps ;  and 
it  13  only  in  coiij auction  with  such  thingi  that  the  concentrated  fnr- 
tilizets,  particularly  guano,  hare  given  satisfactory  results  iu  respect 
to  this  crop. 


CHAPTER  VII. 

POTASSIC    HANDBES. 

It  will  be  observed  that  the  snhjecte  of  the  preceding  chapters  — 
notably  Dnngs,  Composts,  and  Organic  Matters  —  have  been  treated 
of  primarily  as  nitrogenous  manures.  There  remain  to  he  consid- 
ered several  mineral  subatauces  which  are  employed  as  fertilizers, 
and  among  them  the  oompouods  of  potash  may  fitirly  be  considered 
SB  most  important. 

As  has  been  seen  already,  potassium  is  absolutely  necessary  for 
the  growth  of  plants.  Indeed,  there  must  be  a  tolerably  large  supply 
of  the  compounds  of  this  element  within  reach  in  order  that  the 
plant  may  prosper.  Even  the  plants  that  grow  in  or  near  sea-water 
contain  a  comparatively  large  proportion  of  potash. 

There  is  naturally  a  good  deal  of  potash  in  the*  soil,  as  follows 
necessarily  from  the  familiar  fact  of  its  occurrence  in  the  ashes  of 
plants.  Most  of  this  potash  comes  from  the  decomposition  of  feld- 
spar, that  is  to  say,  of  orthoclase  or  potaah-feldspar,  but  some  of  it 
comes  from  the  decomposition  of  mica  and  other  minerals.  Nearly 
all  clays  contain  some  potash,  and  even  limestones  are  not  wholly  free 
from  it.  One  reason  why  clay  soils  are  strong  iu  the  sense  that 
they  exhibit  enduring  fertility,  is  that  they  usually  contain  much 
potash.  In  several  rocky  and  barren  regions  in  northern  and 
eastern  New  England,  it  is  noticeable  that  the  occasional  ^rms  are 
usually  sitnated  upon  slopes  or  ridgea  of  glacial  day. 
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Amount  of  PottuA  in  Itoch  and  MineraU. 

Some  of  the  volcanic  rocks  are  rich  iu  potash.  A  variety  of  rock 
called  palogonite,  found  upon  the  sides  of  j£tna  and  Uecla,  contaiiuj 
eo  much  potash,  aud  decoiiipoBes  so  readily,  that  it  has  sometitnea 
lieen  used  as  a  manure.  But  for  the  recent  discovery  of  better 
sounsBB  of  potash,  tliis  rock  might  perhf^is  have  been  profitably 
transported  to  considerable  distaocBa  for  fertilizing  purposes.  Th« 
proportion  of  potash  (KjO)  in  various  common  minerals  may  be  wt 
down  roughly  as  follows  :  feldspar  (orthoclase),  12  to  179;  mica, 
3  to  0% ;  basalt,  0.75  to  3% ;  clay  slate,  1  to  4%  -  clay  aud  good 
loam,  l.S  to  4%. 

The  nature  of  the  change  which  may  occur  during  the  disintegra- 
tion of  feldspar  is  well  shown  by  some  analyses  of  Crasso. 

Orlglniil  Feldjpv.  DnumptHd  FttUipu.  Itittcn  nmond. 

Silica 65.21                   S2.fi0  82.71 

Alumina 18.13  18.13 

Potub 16.SS                     2.S0  13.36 

Id  ordinary  soils  the  potash  appears  to  be  held  for  the  most  part 
in  combination  with  silica  and  alumina  (or  iron  oxide)  and  lime,  as 
has  been  already  stated  when  speaking  of  the  fixing  power  of  the 
double  silicates  of  lime  and  alumina. 
Why  the  Ocean  eoniaint  Sodium  raiker  than  Pfitassitatt  CompoiaulK. 

The  importance  of  the  existence  of  these  complex  silicates  cannot 
be  too  strongly  insisted  upon.  Were  it  not  for  their  restraining 
power,  the  potash  in  the  soil  would  soon  be  washed  out  and  carried 
into  the  sea ;  for,  excepting  the  silicates,  all  the  ordinary  potash 
salts  are  readily  soluble  in  vrater.  It  is  precisely  because  soda  is 
less  readily  retained  than  potash  is  by  the  double  silicates  in  the 
soil,  that  the  e^a  is  salt  with  chloride  of  so<Iium,  and  not  with  chlo- 
ride of  potassium.  Chloride  of  sodium  is  dissolved  out  from  the 
soil  and  carried  away  to  the  sea  by  the  ground-water  more  readily 
than  any  other  saline  substance. 

It  was  observed  long  ago  by  the  mineral ogists,  that,  where  sili- 
cates of  potash  and  of  soda  exist  side  by  side  in  the  same  mineral 
mass,  and  suffer  decomposition  together,  the  soda  compound  often 
loses  its  alkali  fester  than  the  potash  compound.  Thus,  Strave 
found  in  a  phonolite  (a  feldspathic  rock),  — 

Pntiuh.  Bodk 

In  nHtnnil  conditinn S.1S  9.70 

In  decomposed  condition ....     5.44  8.28 
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In  lutnrtl  conditkm 1.35 

In  decomposed  condition  ....     2.42 


It  is  to  be  noticed  that  tiie  doable  silicate  of  lime  aad  alumina 
which  holds  the  potash,  and  from  which  planta  may  draw  their 
supply  of  this  article  of  food,  is  usually  found  only  in  the  finely 
dirided  earth  or  loam  which  constitutes  the  soil  properly  so  called, 
and  that  at  the  best  the  natural  supply  of  potash  is  small  uuleas 
the  Boil  contains  a  good  deal  of  decompoung  feldspar,  or  something 
eucfa.  Hence,  whenever  crops  are  taken  from  the  land,  the  rtore  of 
potash  will  after  a  while  be  exhaiu>ted  if  no  steps  be  taken  to  renew 
the  supply.  In  fact,  from  the  economic  point  of  view,  potash  is  the 
moat  important  ingredient  of  manures  after  nitrogen  and  phosphoric 
acid. 

J/uc&  Potath  w  ntitmed  to  the  Land. 

Practically,  a  great  deal  of  potash  is  returned  to  the  land  npon 
most  farms,  in  the  fonn  of  stable  manure,  in  the  refuse  from  crops, 
and  in  composts  of  one  kind  or  another  prepared  from  vegetable 
matter. 

It  is  not  with'  potash  as  it  is  with  phospboric  acid.  Potash  does 
not  accumulate  to  such  so  overwhelming  extent  in  seeds  and  fniits 
as  phosphoric  acid,  nor  in  the  animal  body  either.  Hence,  in 
general,  in  all  well  cultivated  districts  a  much  larger  proportion  of 
the  potash  that  has  been  taken  from  the  land  is  returned  in  the 
form  of  manure  than  is  the  cafe  with  phosphoric  acid  ;  and  in  con- 
sequence of  this  foot,  considerable  difference  of  opinion  has  existed 
as  to  the  utility  of  baying  potash  compounds  for  manure. 

The  truth  of  the  matter  seems  to  be,  that  in  well  tilled,  highly 
cnttivated  regions,  where  the  land  is  dunged  heavily,  and  especially 
where  tbe  rocks  from  which  the  soil  lias  been  produced  are  feld- 
spathic,  there  is  not  apt  to  be  any  marked  deficiency  of  potash  in 
the  soU. 

SoiU  that  re^xmd  to  Potatsie  Jfanurn. 

But  npon  the  other  hand,  in  countries  where  the  land  gets  but 
little  manure,  and  particularly  in  looslities  where  the  rocks  are  of 
each  character  that  they  can  snpply  only  a  comparatively  small 
proportion  of  potash  by  their  disintegration,  as  is  the  case  in  the 
immediate  vicinity  of  Boston,  the  benefits  derivable  from  an  appli- 
cation of  potash  to  the  soil  are  great  and  immediate. 
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Almost;  aoywhere  npon  the  drier,  lighter  portions  of  the  gniTelly 
"  drift "  soils  of  N'ew  Eoglaud,  a  dressing  of  potaasic  manure,  espe- 
cially caibonat«  of  potash,  such  as  occiiis  in  wood  ashes,  will  justify 
itself  at  once.  There  was  a  striking  illustmtion  of  this  fact  in  ex- 
periments made  some  years  since  at  the  Bussey  Institution,  and 
published  in  the  finit  volume  of  its  Bulletin. 

Somewhat  aimUar  remnrka  have  often  been  made  with  rejiard  to 
the  soil  of  special  localities  in  Europe.  The  moorland  of  North 
Germany  in  particular  is  grateful  for  potaaaic  manare.  But,  as  a 
rule,  potash  seems  to  be  compwratiTely  little  needed  upon  the  rich 
iarming  lands  of  the  Old  World  ;  although  every  little  while 
some  one  reports  that  even  there  potassio  fertilizers  have  served  an 
excellent  purpose,  especially  on  light  soils,  and  with  crops  that 
stand  in  special  need  of  this  constituent.  Thus,  in  a  recent  de- 
scription of  certain  form-land  in  Scotland,  not  far  from  EilinLargh, 
it  is  laid  down  as  proved  that  "  clover-aickness,"  aa  manifested  in 
that  locality,  is  caused  by  a  lack  of  potash.  At  all  events,  those 
farmers  of  that  region  who  have  applied  Staasfurt  potash  salts  to 
land  that  was  formerly  clover-sick,  now  raise  splendid  crops  of 
clover.  And  they  notice  that  their  clover  is  no  longer  thrown  out 
in  the  winter  months,  as  was  apt  to  be  the  case  Before  potash  was 
used ;  doubtless,  because  the  plants  now  get  a  better  developed 
system  of  roots  before  the  froste  set  in. 

So  too  where  sugar  beets  are  cultivated  for  sale,  or  chicory  roots 
to  be  nsed  as  a  substitute  for  coffee,  or  potatoes,  or  tobacco,  large 
quantities  of  potash  are  carried  off  the  land,  and  the  economy  of 
employing  special  potaasio  fertilizers  to  make  good  the  loss  has 
often  been  strikingly  manifested. 

Imtaneei  of  Income  and  Outgo  of  Pofaih. 

Heiden  has  given  the  following  statement  in  itlustrntioD  of  tbis 
matter.  Every  hundred- weight  of  sugar  beets  taken  from  a  field 
carries  away  on  the  average  0.359  lb.  of  potash  ;  but  since  a  Morgen 
(=  0.631  acre)  of  land  yields  from  UO  to  200  cwt.  of  the  beeta,  it 
thereby  loses  from  50  to  72  lb.  of  pot:ish,  no  account  being  taken 
of  the  potash  in  the  beet  leaves  which  are  left  upon  the  land. 
Hence,  wherever  beets  are  grown  year  after  year  for  sale,  as  is  not 
uncommonly  done  in  some  parts  of  Central  Europe,  there  will  man- 
ifestly soon  be  need  of  dressing  the  land  with  some  kind  of  a  potadi 
compound. 

^rmrodt  has  given  the  following  computation  of  the  yearly 
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OQtgOBnd  income  of  potash  on  an  estate  of  1,717  Morgeo,  that  had 
neither  wateMueadow  nai  pasture  to  support  its  cattle,  aud  which 
had  for  yean  been  devoted  to  the  growing  of  sugar  beets. 
Yeari;  aiport  of  potath: — 

In  the  crops 108,812  lb. 

In  products  from  cattle 178  " 

Total  export  of  potash 101,206" 

AmouDt  of  potaoh  added  to  the  Uad :  — 

Inform  of  guano  aod  uight-aolt •,     ,        8,43>  " 

In  Uu  seeds  planted 1,021  " 

In  the  dttpg  of  cattle,  — 
As  obtained  Crom  food  grown  on  the  eatata    ,     ,     .     ,      7<,B7S  " 
As  obtaiued  from  hajr  and  oil-cake  bought     .     .     ,     ,        1,967  " 

Total  potash  added  to  the  soil 87,502  " 

Hence  the  excess  of  potash  removed  each  year  was  equal  to 
16,9831b.,  OT  as  much  as  would  be  coataiiied  iu  14,616  cwt.  of 
hay.  It  appears  from  this  statement,  as  well  as  from  the  calcula- 
tion of  income  and  outgo  of  potash  that  was  given  under  the  head 
of  Farmyard  Manure,  that  there  is  little  risk  of  ezhaneting  any 
land  of  potash  so  long  as  the  laud  is  adequately  manured  with  the 
dung  of  cattle  that  are  supported  or  hay  from  water-meadows  (or 
bog-meadows  or  salt  marshes),  and  on  straw  and  clover. 

Several  oalcnlations  as  to  the  income  and  outgo  of  potash  on 
farms  thus  conducted  have  been  given  by  Heiden  in  his  "  Diinger- 
lehre."  His  figures  show  emphatically,  that,  far  from  loeing  pot- 
ash, many  European  farms  continually  become  richer  and  richer  in 
this  constituenL  In  consequence  of  this  tendency,  no  money  profit 
can  be  expected  from  the  application  of  special  potassic  manures, 
considered  merely  as  sources  of  this  particular  fonn  of  plant-food, 
npon  farms  that  have  long  been  kept  in  good  heart  by  means  of 
abundant  dressings  of  farmyard  manara.  But  wherever  forage 
crops,  or  even  straw,  are  sold  off  a  farm  in  undue  proportion,  or 
wliere  large  quantities  of  beets,  carrots,  cabbages,  turnips,  onions, 
potatoes,  or  tobacco  are  sold  year  after  year,  the  judicious  nse 
of  potash  salts  may  be  expected  to  more  than  repay  the  cost  of 
tbem. 

In  cases  where  milk  is  sold  off  a  farm,  it  commonly  happens  that 
more  or  less  fodder  (corn-meal,  shorts,  cotton-seed  meal,  or  the  like) 
is  bought  to  leinforce  the  bsy  on  which  the  animals  are  fed,  and 
that  in  this  way  more  potash  is  brought  to  the  farm  than  Floes  off 
in  the  milk,  not  to  speak  of  the  rough  fodder,  or  of  the  potash  in 
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that  fodder,  which  In  New  England  cooks  to  the  anbie  part  of 
nanf  farma  from  browse,  wild  paaturcs,  and  bog-meadova. 

Before  the  discovery  of  the  mine  of  potash  compoands  at  Stasa- 
furt  in  Gernianf,  about  the  middle  of  thia  century,  it  waa  a  very 
difficult  matter  for  tbooe  formers  who  had  Jio  access  to  wood  ashea 
to  procure  special  potassic  fertilizers  to  meet  the  wants  of  particular 
crops,  such  as  those  juat  now  mentioned,  and  the  wholesale  cultiva- 
tion of  them  was  consequently  leaa  easy  than  it  is  now. 
Pottuhet  obtained  from  varwiu  Plants. 

A  glance  at  the  proportion  of  potash  obtainable  from  various 
plants  in  the  manufacture  of  potashes  upon  the  large  scale,  will 
sbow  at  ouce  that  some  plants,  or  rather  some  parts  of  plants,  con- 
tain much  more  of  it  than  others.  One  thousand  pounds  of  old 
aprnce  wood  yield  ^  lb.  of  potashes ;  of  old  poplar  wood,  }  lb. ;  of 
old  oak  wooi],  1^  lb.;  of  com  stalks,  \1\  lb.;  of  bean  stalln  or 
sunflower  stalks,  20  lb. ;  of  grape-vine  twigs,  40  lb. 

As  a  rule,  potash  pushes  forward  into  the  extremities  of  plants, 
i.  e.  into  the  twin's  and  new  leaves.  It  will  be  noticed  how  well 
worth  saviug  for  the  compoet  heap  the  grape-vine  clippings  must 
1)0,  and  the  remark  is  as  true  of  the  shoots  and  twigs  of  almost  any 
other  bush  or  tree.  It  has  long  been  familiarly  known  tliat  grape- 
vine twigs  are  thus  rich  in  potash,  and  it  is  a  fact  of  daily  observa- 
tion in  wine  countries,  that  considerable  quantities  of  bitartrate  of 
potash  are  obtained  from  the  argol,  or  tartar,  which  is  deposited  in 
the  wine  casks  after  the  grape-juice  has  fermented.  Hence  a  popu- 
lar impression  arose,  ami  still  persists,  to  the  effect  that  grape-vines 
are  specially  liable  to  exhaust  the  soil  of  potash.  This  notion  is 
untme.  It  was  disproved  by  Boussingault  as  long  ago  as  1850; 
for,  having  analyzed  all  tbo  products  that  are  carried  away  from 
a  vineyaid,  and  compared  the  amounts  of  potash  in  these  products 
with  the  amounts  of  this  substance  carried  off  the  land  in  other 
crops,  be  found  that  the  grape-vine  could  not  be  regarded  as  a  plant 
standing  in  special  need  of  potash. 

He  states  that,  in  the  locality  in  question  (Alsatia),  there  is  car- 
ried off  &om  a  hectare  (=  2  J  acres)  of  land  by  a  crop  of 

Potstoen 
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It  is  to  be  oljeerved,  tfaat  Bgatea  like  those  juat  now  given, 
vhich  bare  been  mode  in  the  Lntereet  of  the  potaeh-boiler,  do  not 
necessarilf  give  the  true  agricnltuTal  value  of  the  uhea  of  the  eev- 
eral  pUnta  enumerated.  For  example,  tlie  uhei  from  laij  phot 
rich  in  ailica,  like  the  variooa  giuaes  and  grain-hearing  plants 
woidd  contain  mnch  eilicate  of  potash  irhich  is  not  readily  solu- 
ble in  water.  Sach  ashes  wonld  yield  only  a  compaiatively  Bmoll 
amount  of  potashes  when  treated  with  water  in  the  leaching-tnbe, 
although  they  are  really  very  valuable  as  a  fertilizer. 

In  Bome  parts  uf  Europe,  straw  and  weeds  were  formerly  burned 
for  the  mannfacture  of  potashes,  and  the  idea  was  several  times 
thrown  out  that  it  might  be  well  in  those  diotricts  to  favor  the 
growth  of  plants  specially  rich  in  potash.  Hermbstadt  long  ^o 
tried  the  plan  of  planting  wormwood,  which  grows  upon  very  poor 
soil,  for  the  production  of  potashes.  Ha  found,  by  experiment,  that 
one  Magdeburg  acre  (18,000  square  feet)  would  yield  three  crops  a 
year,  or  some  20,000  lb.  of  dry  plant,  2,000  Ifa.  or  more  of  ashes, 
and  900  lb.  of  potashes ;  or  12%  of  ash,  and  about  5%  of  potashes. 
Beichos  proposed  to  grow  tansy  for  the  same  purpose,  and  stated 
that  an  acre  of  this  jilant  vrill  yield  1,SS0  lb.  of  potashes.  Frese- 
aias  proposed  the  common  marigold  of  Europe  (Chrysanthemnra 
Saturn)  as  a  potash-producing  plant.  It  grows  wild  in  enormous 
quantities  in  certain  districts,  and  the  ash  contains  about  25%  of 
potash. 

Staiu  and  Slalh  <^  Tobaeeo. 

Tobacco  stems,  from  which  the  leaves  have  been  stripped,  an 
known  to  have  considerable  fertilizing  power,  and  aro  consequently 
often  returned  to  the  land.  Professor  Johnson  reports  that  the 
anhydrous  stalks  of  tobacco  plants  contain  nearly  5%  of  potash, 
-^  of  a  per  cent  of  phosphoric  acid,  and  nearly  3J%  of  nitrogen, 
uf  which  ^  of  a  per  cent  is  in  the  form  of  nitrates.  At  the  time 
when  the  leaves  an  stripped  from  them,  the  stalks  are  thought  to 
contain  nsnally  some  46%  of  water.  Hence,  when  in  that  condi- 
tion, 100  lb.  of  the  stalks  would  contain  2.6  lb.  of  potash,  0.36  IK 
of  phosphoric  acid,  and  1.85  lb.  of  nitrogen.  From  1,600  to  2,000 
lb.  of  the  dry  stalks,  containing  $16  to  $20  worth  of  fertilizers,  may 
be  yielded  l^  ui  sen  of  land. 

Tobacco  stems  also,  i  e.  the  midribs  of  the  leaves  as  rejected 
by  manu&ctorers  of  cigars,  have  considerable  repnte  as  a  fertilizer. 
Johnson  npoits,  in  one  aamtde  that  was  pnichased  in  New  Torii 
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city,  83%  of  VEtter,  S\%  of  potash,  ^  a  pei  cent  of  phosphoric  acid, 
and  neaiijr  2%  of  nitrogeii.  lu  another  sample,  believed  to  be  some- 
what damaged,  he  reports  46.7%  water,  6}%  potash,  ■^%  phosphoric 
acid,  and  1.6%  of  nitrogen.  In  a  Bpecimen  of  fine  tobacco  dust, 
eifted  from  tobacco  clippings,  he  reports  9.6%  water,  2.6%  potash, 
0.5%  phosphoric  acid,  and  2.4%  nilrugen.  The  sample  of  etalbs 
examined,  and  the  dust  aUo,  contained  a  considerable  amount  of 
chlondes,  say  ^%  of  chlorine,  while  the  stems,  from  totally  different 
fields,  contained  a  much  smaller  proportion.  Lime  was  present  io 
the  samples  in  considerable  quantity. 

Dietrich's  analyses  of  midribs  from  the  Palatinate  gave  an  avcT^ 
age  of  22%  ashes,  15%  moisture,  8%  potash,  2%  phosphoric  acid, 
and  2%  nitrogen,  of  which  last  almost  a  quarter  was  in  the  form  of 
a  nitiate. 

BarCUa  from.  Strand  PlanU. 

Until  near  the  beginning  of  the  present  century,  large  qnantities 
of  fused  ashes  of  pecnliar  character,  called  bnrilla,  which  contained 
mach  carbonate  of  soda  as  well  as  some  carbonate  of  potash,  wer« 
prepared  by  burning  certain  strand  plants,  notably  those  of  the 
genus  Salsola  (saltwort).  Much  barilla  was  sent  into  commerce 
from  Sicily  and  from  the  east  coast  of  Spain,  where  the  plants  that 
produce  it  were  regularly  cultivated,  mown,  and  dried  like  hay,  and 
then  burned  in  pits.  In  the  vicinity  of  Carthageno,  for  example, 
where  the  ordinary  rotation  of  crops  was  wheat,  barley,  and  fal- 
low, the  barilla  plants  were  often  sown  on  the  fallow  field.  So,  too, 
in  case  the  vheat  crop  &iled  from  want  of  rain,  the  wheat-land  also 
vaa  sown  for  a  crop  of  barilla. 

This  old  practice  is  not  a  little  interesting,  in  that  it  goes  to  show 
that  formers  in  saline  districts  formerly  possessed  one  means  of 
improving  their  land  and  hindering  the  ill  effects  of  over  irriga- 
tion, which  has  ceased  to  be  useful  since  soda  ash  is  made  more 
cheaply  from  common  salt  than  it  can  possibly  be  got  from  plants. 
Goebel  found  in  ashes  obtained  by  burning  saltwort  plants,  from  the 
vicinity  of  the  Caspian  Sea,  6%  of  potash  that  was  soluble  in  water, 
and  30%  of  soda. 

Kindt  of  Poiame  3fanurn. 

Potash  is  employed  as  a  manure  in  the  form  of  wood  ashes ; 
the  ashes  of  cotton-seed  hulls  ;  the  greensaud  of  New  Jersey;  the 
slurry  of  the  glass-makers,  which  is  an  impure  sulphate  of  potash, 
obtained  as  a  waste  product  in  the  purification  of  pe^ash ;  as  snl- 
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pbate  of  potash  and  chloride  of  potasaiam;  and  as  "potashes," 
which  ia  this  country  ia  usually  a  mixture  of  hydrate  of  potash 
and  carbonate  of  potash. 

Mayer's  analyses  of  New  Yoik  potashes  gave,  in  per  cent,  — 

» ii_t  •'  ^»t  Seisnid        Third 

"^  QnmUtr.       liatliVI.      QunUIr. 

Carbonats  of  potub  (EtCO,)   ...     <4  to  25         66         IS  to  G3        SS 
Hjdrata  of  potash  (KHO)  ....    BO  to  1<  9         80  to    G 

American  potashes  are  piepaied  hj  placing  wood  ashes  in  tubs 
above  a  layer  of  caustic  lime,  leaching  with  water,  evaporating  the 
lye  to  dryness,  and  iyuiting  the  residue. 

Wood  Athet  as  a  Manure. 

Host  fanners  in  Kew  England  are  agreed  aa  to  the  high  value  of 
wood  ashes,  considered  as  a  manure.  So  firm  is  their  faith  in  this 
regard  that  many  persona  have  drawn  from  it  the  false  infereni-e 
that  potash  is  not  only  the  chief  thing,  but  the  sole  thing,  needful 
to  fertilize  the  land  and  to  bring  up  those  sections  of  the  country 
which  have  been  run  out  by  careless  cropping.  But  it  is  not  fair 
to  class  wood  ashes  as  an  exclusively  potassic  manure.  Beside  pot- 
ash, wood  ashes  contain  one  or  two  per  cent  of  phosphoric  acid, 
and  various  other  ingredienta  which  are  of  value  to  plants ;  notably 
a  little  magnesia  and  a  great  deal  of  carbonate  of  lime.  The  im- 
portance of  these  incidental  constituents  ia  made  plain  by  the 
esteem  in  which  leached  ashes  are  held  by  our  farmers,  although 
from  the  leached  ashes  all  but  a  very  email  proportion  of  the  original 
potash  has  been  washed  out. 

Leached  ashes  consist  for  the  most  part  of  carbonate  of  lime. 
Ordinarily  they  contain  no  more  than  from  ^  to  }  of  one  per  cent 
of  real  potash,  and  but  little  more  than  one  per  cent  of  phosphoric 
acid.  Some  kinds  of  peat  ashes  contain  potash  euough  to  be  worth 
considering,  but  they  are  rare. 

The  ashes  of  coal  contain  a  trace  of  potash,  but  not  much,  if  any, 
more  than  ordinary  loam  or  than  many  kinds  of  sand.  Whatever 
merit  pnre  coal  ashes  may  really  possess  must  depend  upon  their 
mechanical  condition,  which  fits  them  to  do  good  on  clay  soils  and 
on  soils  rich  in  humus,  such  as  those  of  reclaimed  bogs. 

A  favorite  way  of  applying  wood  ashes  is  as  a  top-dressing  to 
giBSB-land  and  to  pasturea,  where,  by  encouraging  the  growth  of 
clover  and  some  of  the  better  kinds  of  graaaes,  they  do  good  service 
in  crowding  out  inferior  kinds  of  graaaes,  and  in  destroying  weeds 
and  moss,  -     — 
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Wood  sshes  are  eeteemed  also  for  potatoes  and  corn  and  roote, 
and  they  ate  naed  iu  the  preparation  of  composts,  as  has  been  said, 
aud  there  is  room  probabtj  fur  their  greatly  extended  use  in  this 
particul&r  way. 

The  CrojM  hat  tuiud  by  Potiuh. 

Tn  Gennanj,  where  the  use  of  potash  salts  as  manure  has  lately 
^en  largely  extended,  they  are  particularly  commended  for  beets, 
potatoes,  clover,  cabbages,  and  hops,  —  all  leafy  plants,  it  will  be 
noticed.  But  it  is  upon  clover  especially,  and  other  l^piminous 
plants,  that  potossic  manures  show  the  most  remarkable  effeuts. 
The  old  notion  of  &TmerB,  that  by  applying  wood  ashes  to  grass- 
land they  can  "  bring  in  "  clover,  ia  a  caee  in  poiot,  which  conaistB 
perfectly  well  with  tiie  results  of  methodical  experiments.  Messrs. 
Iawbs  and  Gilbert  in  experiments  with  a  variety  of  different  plants, 
continued  throi^h  long  terms  of  years,  found  the  potassic  manures 
more  useful  with  clover,  beans,  and  peaa  than  with  any  other  crops. 
Dr,  Gilbert  baa  recently  summed  up  this  experience  in  the  follow- 
ing terms.  It  is  found,  he  says,  that  easily  assimilable  nitrogenous 
manures  have  generally  a  very  striking  effect  in  increasing  the 
growth  of  grain  crops,  such  as  wheat,  barley,  and  oats ;  although 
these  grain  crops  contain  comparatively  little  nitrogen,  and  take 
but  little  of  it  from  the  land.  The  leguminous  crops,  on  the  other 
hand,  such  as  peas,  beane,  clover,  and  others,  although  highly  ni- 
trogenized,  are  by  no  means  characteristically  benefited  by  the  use 
of  direct  nitrogenous  manures,  such  as  ammonia  salts  and  nitrates, 
though  nitrates  act  much  more  favorably  than  ammonia  salts.  It 
appears,  indeed,  that  we  may  say,  Use  phosphates  for  turnips  and 
such  like  roots,  potash  for  leguminous  plants,  and  active  nitrogen 
for  grain. 

Price  of  Wood  Agha. 

Until  a  comparatively  recent  period,  wood  ashes  were  roally  almost 
the  only  commercial  fertilizer  that  was  procurable  in  this  country, 
and  the  price  of  12^  cents  per  bushel,  at  which  they  were  formerly 
bought  and  sold,  had  come  to  be  a  sort  of  standard  of  value  which 
withstood  many  vicissitades.  But,  for  the  region  around  Boston  at 
least,  there  came  a  time  when  ashes  were  hardly  to  bo  had  at  any 
price.  From  1850  to  1870,  for  example,  they  could  hardly  bo 
looked  upon  in  the  light  of  a  commercial  manure  in  this  vicinity. 
£ven  leached  ashes  were  at  that  time  sold  at  25  cents  the  bushel  on 
the  seaboard,  and  fieeb  ashes  were  not  to  be  had. 
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LatteHy,  thanks  to  th«  great  diminutioii  in  price  of  all  kinds  of 
potaah  cumpouDds  which  has  nBult«d  from  tha  daTelopment  of  the 
putaah  iiiduHtr;  at  Stuafurt,  wood  ashes  begin  to  be  brought  in  bj 
nil  from  the  less  settled  part  of  the  county,  notably  from  Canada, 
and  they  can  be  ordered  from  Oawego  or  Montreal  by  the  car-load 
nowadays  at  tolerably  reasonable  rates. 

It  may  be  said  in  passing,  that  the  price  of  25  cents  the  bnahel 
for  leached  ashes,  as  just  now  given,  was  much  higher  than  suvh 
ashes  are  really  worth.  Fresh  ashes,  on  the  contrary,  are  often 
worth  more  than  25  cents  per  bushel,  as  baa  been  set  forth  in 
some  detail  in  one  of  the  numben  of  the  Bulletin  of  the  Bussey 
Institution. 

Of  course  the  value  of  ashes  inay  vair  considerably  according  to 
their  source,  though  practically  this  ranation  is  less  than  would  be 
supposed  at  first  sight.  Ashes  are  richer  or  poorer  in  potash  anil 
other  useful  ingredients  according  to  the  kinds  of  plants  from  which 
they  have  been  derived  and  to  the  soil  upon  which  the  plants  grew. 
And  particularly  according  to  the  parts  of  the  plant  that  have  been 
burned.  The  ashes  of  twigs  (&gots  for  example)  would  always  be 
worth  much  mora  for  agricultural  purposes  than  the  aslies  of  heart- 
wood  taken  from  the  middle  of  an  old  tree ;  and,  in  general,  the 
smaller. and  younger  the  wood  burned,  the  better  would  be  the 
ashea.  Practically  most  fires  are  fed  with  cord-wood  that  has  been 
cut  under  very  much  the  same  conditions  of  growth  almost  evciy- 
where.  So  that  the  variations  in  the  composition  of  the  ashes  from 
house  fires  are,  comparatively  speaking,  small.  To  jndge  from  the 
books,  taking  what  is  known  of  the  composition  of  the  ashes  from 
young  twigs  and  that  from  heart-wood,  one  would  say  that  the  pro- 
portion of  potash  in  Ashes  might  vary  fVom  5  to  20%.  But  a  much 
better  criterion  of  the  real  composition  of  ashes  is  afforded  by  the 
experience  of  potash-makers  in  this  country,  according  to  which  a 
bnshel  of  "honee  ashes"  weighs  about  48  lb.  on  the  average,  and 
yields  rather  more  than  4  lb.  of  potashes. 

I  have  myself  investigated  this  question  somewhat  in  detail, 
and  have  found  by  the  analysis  of  a  nnmber  of  samples  of  house 
ashes  that  selected  samples  contain  8}S  of  real  potash  and  2%  of 
phosphoric  acid  ;  or  say  4  J  pounds  of  potaah  and  1  pound  of  phos- 
phoric acid  per  bushel.  Hence  there  is  enough  potash  and  phos- 
phoric acid  to  make  the  bushel  of  ashee  worth  30  or  25  cent«,  and, 
beside  that,  some  10  or  15  cents  additional  may  be  allowed  for  the 
VOL.  II,  —  8 
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"alkali  power  "  of  the  ashes,  L  e.  the  force  of  alkalinity  which  en- 
ables the  aahee  to  rot  weeds  and  to  ferment  peat.  'X'he  notion  that 
the  ashes  from  soil  woods,  such  as  pine  and  poplar,  are  worthless,  is 
an  error.  The  soft  woods  yield  comparatively  Uttle  ashea,  and  the 
ashes  ore  so  light  that  they  may  readily  be  bluwn  away  by  the 
wind  ;  but  weight  for  weight,  the  ashes  from  eoftkwoods  appear  to 
be  as  good  for  agricultural  purposes,  or  very  nearly  aa  good,  as  those 
from  bard  woods. 

Alkaline  Lye*  make  SoUt  cohere. 

One  peculiarity  which  ashea  owe  to  their  alkaline  quality  is 
worthy  of  special  attention,  since  it  niuet  often  exert  a  very  de- 
cided influence  upon  the  capiUaiy  power  of  the  aoila  to  which  the 
ashes  are  applied.  It  is  a  well-establiahed  fact,  that  alkaline  lyes, 
that  is  to  say,  either  the  cai&tic  alkalies,  or  solutions  of  the  alkaline 
carbonates,  viz.  carbonate  of  imtaah,  auch  aa  is  got  by  leaching  wood 
ashea,  and  carbonate  of  siida  also,  make  clay  and  loam  more  plastic 
and  adhesive  than  aiiuple  water  can.  Both  carbonate  of  potasli  and 
carbonate  of  aoda  tend  to  keep  clay  in  a  "  puddled  "  or  "  tamped  " 
condition,  as  the  tenaa  are.  A  ball  of  moist  clay  or  loam  thua 
charged  with  an  alkaline  carbonate  does  not  tend  to  crumble  or  fall 
to  jKiwder  during  the  process  of  drying;  but  remaina  a  hard  lump. 
A  tenacious,  fire-proof  cement  for  atopping  holes  in  stoves  and  atove- 
pipea  is  made  by  mixing  powdery  clay  with  fine  wood  ashea  and 
working  the  mixture  with  water  to  a  amooth  paste,  which  ia  applied 
as  such,  and  becomes  hard  on  drying. 

It  is  because  of  this  peculiarity  of  the  alkalies  that  it  often  be- 
comes impracticable  to  till  soils  when  any  large  proportion  of  car- 
bonate of  aoda  is  coutained  in  them  ;  that  is  to  ray,  such  "  alkali 
eoila"  cannot  be  tilled  economically  by  the  ordinary  mechanical 
appliances  of  the  farm.  No  matter  how  often  such  a  soil  is  ploughed 
or  harrowed,  it  will  always  remain  a  mere  mase  of  hard  clods,  unless, 
indeed,  it  is  muddy.  Such  a  soil  cannot  be  brought  to  a  condition 
of  good  tilth  by  mere  ploughing,  unleaa  the  alkali  be  washed  out  of 
it  by  drainage  and  irr^tion,  or  unless  it  ia  ncutrallied,  as  Hilgard 
has  auggested,  by  meana  of  gypsum  :  — 

Na,0,CO,  +  CaO,SO,-=  CftO,CO,  -f  Na,0,SOr 

Unless  the  alkali  be  removed  or  decompoeed,  such  soils  cannot 
be  made  mellow,  simply  because  the  alkali  causes  the  particles  of 
earth  to  stick  together.    The  earth  can  be  torn  aaander  into  lumps 
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("loda)  \fj  the  ploaghshare,  but  the  furrowB  will  not  fall  down  to 
powder  on  drying,  which  ie  the  eeaential  featore  of  good  tillage. 

These  alkali  soila  have  given  much  trouble  in  Califurnla  in  recent 
years.  But  it  may  well  be  asked  whether  in  oaany  cases  the  diffi- 
culty does  not  arise  from  the  presence  of  too  much  of  a  good  thing. 
It  seems  plain,  on  the  face  of  the  matter,  that  the  tilth  of  mony  a 
poToUB  open  soil  might  be  improved  if  its  particles  could  only  be 
held  together  a  little  more  tigbtly  than  they  are  held  uatuially,  bo 
that  the  capillary  water  may  he  lifted  more  freely  and  retained 
more  forcibly.  It  was  for  the  sake  of  securiug  this  result  that  tbs 
Norfolk  County  farmers  laid  such  Btreea  on  having  their  light  soils 
trampled  down  firmly  by  means  of  cattle  and  sheep  that  wero  fed 
upon  the  land,  and  that  the  Scotch  long  since  resorted  to  the  use  of 
heavy  rollers  upon  their  light  lands. 

I  have  in  foct  found,  by  experiment  upon  light  land,  that  this 
Tery  advant^e  was  obtained  by  the  application  of  wood  ashes  to 
the  soil.  A  plot  of  land  dressed  during  several  years  with  what  any 
farmer  would  have  considered  a  large  quantity  of  wood  ashes  be- 
came BO  firmly  bound  that  a  yoke  of  heavy  oxen  had  some  difficulty 
in  dragging  a  plough  through  the  soil  in  dry  summer  weather. 
'  The  furrow  whera  it  crosaed  this  plot  was  a  mere  mass  of  clods. 
Tet  through  all  the  years  of  the  experiments  that  plot  had  mani- 
festly been  better  supplied  with  water  from  below  than  any  of  the 
adjacent  plots. 

Aelim  of  Potaihei  on  SoU-nitropfn, 

An  objection  is  eooietimes  made  to  wood  ashes,  as  a  manure  for 
tobacco,  that  the  plants  grow  coarse,  probably  because  of  nitrogen 
supplied  to  the  crop  by  the  action  of  potash  on  humss ;  such  action, 
namely,  as  was  discussed  under  Alkali  Composts.  This  power  of 
potashes  to  make  the  nitrogen  of  the  soil  available  for  plants  is 
etrikingly  shown  in  clearing  wooded  countries.  For  wherever  a 
heap  of  logs  is  burned,  it  is  noticed  that  vegetation  is  apt  to  be  psr- 
ticularly  rank  and  luxuriant  precisely  where  the  largest  quantities  - 
of  ashes  are  lying.  Several  writers  have  expressed  surprise  that 
these  appearances  should  be  as  they  are,  for  their  first  thought  was 
that  so  large  an  amount  of  ashes  must  destroy  vegetation.  It  is 
noticed  that  wheat  or  other  grain  sown  upon  the  newly  burned 
land  often  "  lodges  "  at  those  spots  where  heaps  of  logs  have  been 
consumed.  This  ranknees  of  growth  is  doubtless  to  he  attributed 
first  to  a  auperabundant  supply  of  nitn^nous  food,  though,  from 
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vhat  was  just  now  Baid,  there  can  be  no  doubt  that  ths  gpote 
charged  with  alkali  are  in  many  cases  belter  supplied  with  moislure 
by  capillsrj  lifting  than  the  remainder  of  the  lielj. 

It  was  noticed  long  ago  by  Lomin,  that  the  ground  where  the 
log  heaps  were  borued  seemed  to  be  moister  than  the  surround- 
,  ing  soiL  All  this  consists,  morsoTer,  with  what  Professor  Hilgard 
has  noticed  upon  the  alkali  soils  of  California,  where  the  alkali 
"puddles"  the  clay  in  the  soil,  and  prevents  water  from  (IrainiDg 
avray  from  it.  As  Hilgard  aaya,  "  Soils  imj>r«gnated  with  alkaline 
carbonates  may  generally  be  recognii»d  by  their  extreme  compact- 
ness and  le&actoriness  under  tillage,  and  by  the  fact  that  they  are 
apt  to  form  '  low  spots '  in  the  general  surface  of  non-alkaline  land, 
i.  e.  plaoes  where  turbid  clay  water,  dark  with  dissolved  humus, 
will  lie  for  weeks  after  the  higher  land  appears  dry." 
Atha  of  CoUoH-teed  HuUi. 

There  is  a  variety  of  ashes  procurable  in  commsrcfl  that  has  been 
derived  from  the  hulls  of  cotton-seeds,  as  obtained  in  the  process 
of  "decortication,"  which  precedes  the  grindiug  and  pressing  by 
means  of  which  oil  is  extracted  from  the  seeds.  The  hulls  are 
commonly  used  as  fuel  st  the  oil  &ctories  in  conjunction  with  wood 
or  cool,  whence  it  happens  that  the  ashes  vary  considerably  in  com- 
position. They  are  naturally  mure  or  less  valuable  according  as 
they  contain  less  or  more  of  the  ash  of  the  supplementary  fuel. 
According  to  Johnson,  those  which  ore  lightest  in  color  are  usually 
richest  in  potash. 

As  brought  to  the  North,  cotton-hnll  ashes  commonly  contain 
from  18  to  3011  of  potash,  chiefly  soluble  in  water,  and  free  from 
any  contamination  with  chlorides ;  and  from  6  to  10%  of  phosphoric 
acid,  of  which  from  1^  to  2%  is  soluble  in  water.  It  appears, 
therefore,  that,  conaidered  as  a  fertilizer,  catton-huU  ashes  are  much 
more  concentrated  than  ordinary  wood  ashes.  Although  the  supply 
is  limited,  the  prioa  at  which  cotton-hull  ashos  have  been  aold 
hitherto  ($35  to  |40  the  ton  in  New  England)  is  bo  low  that  they 
have  been  by  far  the  cheapest  source  of  ]K>taBh  in  the  market. 
They  have  been  uaed  with  advantage  for  manuring  tobacco,  and 
are  specially  prized  by  tobacco  growers. 
Lime-kiln  Atkti. 

There  is  yet  another  product,  called  lime-kiln  ashes,  which  can 
be  procured  by  the  car-load  from  Vermont  and  other  localities  where 
Ume-kilns  are  fired  with  wood.    But  these  ashes  consist  chiefly  of 
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limd-dusL  They  naoAlly  ooittain  Ims  th&n  2%  of  potuh,  and  lees 
tbau  1%  of  pkoBplioric  acid,  'i'hey  mny  be  re^anled  ae  wood-asbea 
admixed  ainl  diluted  with  from  4  to  6  times  their  weight  of  lime, 
much  of  which  has  become  partially  ai^BIaka<i 

One  special  objection  to  the  contaminating^  lime  ia,  that  part  of  it 
haa  been  "  oTer^amed,"  and  so  left  in  hard  lampe,  which  do  nut 
i«adily  fall  to  powder  on  being  wet  I  have  heard  the  objectiDn 
from  a  man  who  &ims  a  rich  bottom  land  in  the  western  part  of 
Massachusetts,  that  "  there  an  hard  lumps  of  lime  in  auch  aebes 
wbinh  will  take  the  edge  off  a  hoe  quicker  Uian  thonghL"  Of 
cooise  when  the  lim^kilna  ara  fired  in  part  with  coal,  the  ashea 
bom  tbem  would  be  still  poorer  in  potash  aod  phosphoric  acid. 
Brick-tiln  Aiha. 

In  a  sample  of  ashes  from  a  brick-kiln  that  had  been  fired  with 
eboatnat  wood,  Prod  Johnson  reports  l^%  of  potash,  and  less  than 
1%  of  phosphoric  acid.  The  sample  consisted  chiefly  of  brick-dust 
and  sand.  Such  ashes  as  these  could  be  used  with  advantage  on 
many  aoils  in  the  immediate  vicinity  of  the  kiln ;  but  they  on  not 
worth  enough  to  be  carried  to  a  distance.  So,  too,  in  respect  to  the 
lirue-kiln  ashes,  there  are  doubtless  special  cases  and  places  when 
they  might  be  employed  with  profit  by  intelligent  farmers,  although 
they  are  not  to  be  compared  with  wood  aahet^  and  bare  no  such 
general  applicability  as  the  latter. 

Greenmnd. 

The  greensand,  or  so-called  "greensand  marl,"  of  Kew  Jersey 
baa  biUierto  been  considered  as  of  only  local  importance,  though  it 
contains  a  good  deal  of  potash,  and  has  been  used  with  great  advan- 
tage in  the  r^ons  where  it  is  found.  According  to  Profeasor  Cook, 
of  New  Brunswick,  N.  J.,  the  potash  may  be  taken  on  the  average 
as  5%  of  the  whole  weight  of  the  sand  ;  and  since  a  bushel  of  this 
substance  weighs  abont  60  lb.,  it  would  contain  4  lb.  of  potash,  or 
abont  as  much  as  is  contained  in  a  boshel  of  good  wood  ashes.  The 
greensand  moreover  often  contains  as  mach  as  1  or  2%  of  phospho- 
ric acid,  though,  as  a  matter  of  course,  both  these  constituents  an 
in  a  very  diSraent  condition  from  those  found  in  ashes. 

Considered  as  a  manure,  the  greensand  acts  rather  slowly.  It  is 
said,  for  instance,  that  its  effects  will  be  perceived  upon  land  for 
ten  or  twelve  yeara.  It  is  bulky,  moreover,  and,  so  fiir  as  ita  con- 
tents of  potash  and  phosphoric  acid  are  concerned,  would  not  npay 
the  cost  of  transportation  to  any  very  great  distance. 
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Greemand  anaiogovt  to  the  fiang  Silteatei. 

Moat  writers  who  Iiave  discussed  the  subject  hitherto  have  been 
disposad  to  make  the  objection  that  the  greensaud  ia  a  sand  merely, 
and  neither  a  manure  proper,  nor  &  soil,  nor  a  disintegrated  mineral, 
such  aa  would  contain  food  immediately  available  for  the  plant. 
But,  in  point  of  fact,  the  greensand  is  a  hydisted  silicate  of  iron 
and  potash.  It  belongs  to  the  mineral  species  glauconite,  and 
is  probably  —  one  might  almost  say  doubtless  —  competent  to 
act  OS  an  agent  for  absorbing  lime,  soda,  ammonia,  and  the  like, 
from  the  soil-water,  and  at  tbe  same  time  yielding  ap  its  potash 
for  the  use  of  plants.  If  this  view  be  correct,  the  greensand  de- 
serves to  receive  hx  closet  attention  than  has  been  accorded  to  it 
hitherto. 

Before  potassic  fertilizers  were  as  abundant  as  they  are  now,  it 
might  have  been  questioned  whether  it  would  not  perhaps  be  well 
in  some  localities  to  prepare  artificially  a  hydrated  silicate  of  potash 
and  alumina  to  be  applied  to  light  hungry  soils  in  order  to  provide 
a  permanent  store  of  potash  from  which  plant>food  should  be  given 
up  slowly  throtigh  the  action  of  saline  matters  in  the  soil-water. 
But  in  the  green-sand  the  desired  double  silicate  is  found  ready 
made.  The  rock  palagonite,  previously  mentioned,  is  another  natu- 
ral product  whoso  action  upon  cerhuQ  soils  would  be  well  worth 
studying  as  a  scientiiic  experiment. 

SlaU  of  the  Potatk  iH  SoUi, 

It  is  to  be  remarked,  that  most  of  the  potash  immediately  avail- 
able for  crops  that  ia  contained  in  ordinary  soil  probably  occurs  there 
either  in  the  form  of  hydrated  double  silicates  or  in  that  of  double 
humates,  though  In  really  good  soils,  or  in  thoae  recently  manured, 
■ome  small  portions  of  soluble  potash  salts  may  be  found  clinging 
to  the  earth  by  mere  adhesion.  A  part  of  the  "fixed"  potash  is 
doubtless  dissolved  by  mere  vatra,  and  brought  to  the  plant  as  an 
aqueous  solution,  and  some  of  it  is  probably  dissolved  out  by  car- 
bonic-acid water,  and  so  carried  to  the  plant  in  the  form  of  potas- 
sium bicarbonate,  while  still  another  portion  may  be  dissolved  out 
directly  from  the  soil  by  the  action  of  acids  exuded  by  plant  roots. 
Each  of  these  agents  would  naturally  dissolve  some  potash  from 
mere  gravel,  or  from  crumbled  or  broken  rocks,  but  it  is  to  be  sup- 
posed that  their  solvent  action  is  of  paramount  importance  when 
exerted  upon  the  hydrated  silicates  and  the  hnmatas. 
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Pobuh  from  Soeh. 

It  has  often  been  pTopoeod  formerly  to  obtain  potasb  for  agricul- 
tural  purposes  hj  decomposin)^  feldspar  and  other  potaesic  roclu 
artificially  by  means  of  chemical  ageuta.  Professor  Wurti,  of  New 
York,  for  example,  proposed  long  aj^  to  decompose  the  New  Jersey 
tfreeueand  by  fusing  it  with  chloride  of  calcium  ;  end  aeveral  penona 
have  thought  to  obtaiu  soluble  potaah  by  fusing  or  fritting  feldspar 
with  lime.  Neither  of  these  methods  has  ever  had  any  economic 
importance,  and  since  the  didcovery  of  a  mine  of  soluble  potoab 
compounds  at  Scassfurt  they  are  likely  to  be  forgotten.  No  donbt, 
however,  there  are  many  potassic  rocks,  such  as  the  greensand,  and 
the  palagonite,  and  variuiia  traps  and  zeolites,  possibly  some  kinds 
of  feldspar  even,  or  slates,  which  in  some  instances  might  repay  the 
cost  uf  reducing  them  to  powder.  Small  batteries  of  stamps  driven 
by  water  power,  such  as  were  formerly  used  abroad  for  pulverizing 
bonea  in  inland  ^ricnltural  districts,  might  perhaps  be  establislied 
with  profit  in  certain  localities.  The  experiment  is  well  worth  try- 
ing, in  some  localities  where  greensand  can  be  procured,  whether 
the  cost  of  reducing  the  sand  to  fine  powder  would  not  be  mora 
than  tepttid  by  the  increased  efficiency  of  the  product  as  a  manure. 
The  Potash  Mine  at  Stawfart. 

The  deposit  of  potash  minerals  at  Stassfiirt,  already  repeateilly 
referred  to,  is  one  of  so  much  importance  that  a  brief  description  of 
it  will  be  in  order.  The  products  from  this  mine  will  doubtless 
henceforth  control  the  price  of  potash  compounds  everywhere.  Tlie 
deposit  in  question  occurs  in  connection  with  a  bed  of  rock  salt  of 
enormous  extent,  above  which,  capping  it  as  it  were,  repose  layers 
of  several  saline  minerals,  notably  compounds  of  potassium,  magne- 
sium, and  lime. 

There  seems  to  have  been  an  inland  lake  or  sea,  through  the 
evaporation,  or  rather  the  boiling  down,  of  the  waters  of  which 
rock  salt  was  deposited  by  crystallization  until  the  lootlier  liquors 
above  the  salt  became  so  highly  charged  with  compounds  of  polas- 
flinm,  magnesium,  and  calcium,  that  crystals  of  these  compounds 
were  ilepoeited  in  their  turn  on  top  of  the  salt. 

As  long  ago  as  1839,  borings  were  made  at  the  locality  in  the 
hope  of  finding  salt,  and  brine  was  actually  obtained  in  1843  ;  but 
it  was  so  highly  cha^d  with  maguesinm  compounds  that  it  was 
not  worth  working.  Alter  a  while,  certain  geologists  who  had 
studied  the  locality  expressed  the  opinion  that  the  magnesia  must 
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have  come  from  some  other  aaurc«  than  the  bed  of  rock  s&H  of 
wboBe  exiateaca  they  were  convinced,  and  this  view  was  oorrobo- 
»ted  by  the  matter  brought  up  by  a  new  boring,  made  in  1848  ot 
1849.  It  having  thus  been  proved  thid  the  magnesia  must  have 
come  from  a  bed  lying  above  the  pure  rock  salt,  mining  operatiune 
were  undertaken  iu  1691  in  order  Ut  get  at  the  salt.  By  165$  two 
sltafts  had  been  sunk  to  the  depth  of  some  1,100  feet,  where  a  bed 
of  impure  rock  salt  was  strudi.  TLia  was  some  distance  beluw  the 
potash  mineral,  the  value  of  which  was  then  unsuspected. 

Pure  rock  salt  was  reached  in  1657,  as  had  been  anticipated,  and 
its  extraction  was  proceeded  with ;  but  it  was  not  until  1859  tliat 
the  true  value  of  the  layer  of  potash  miuenl  was  recognized.  The 
dip  of  the  layers  and  general  chamcter  of  the  deposit  having  by  this 
time  been  well  made  out,  a  new  pit  was  sunk  nearly  a  mite  from 
the  first,  by  meant  of  which  both  the  potash  and  the  salt  can  be 
reached  at  a  less  depth  and  worked  to  better  advantage  than  before. 
This  new  shaft  was  finished  in  1862,  and  since  tliat  time  enormous 
quantities  of  the  potash  minerals  have  been  extracted  both  at  the 
old  and  the  new  mine. 

The  bed  of  salt  beneath  the  potash  minerals  is  of  unknown 
depth;  but,  taking  the  salt  iu  connection  with  its  covering,  the 
entire  deposit  may  be  oonveuiently  divided  into  four  principal  lay- 
ers, or  beds,  each  of  which  is  well  cliamctorized  at  the  centre  by 
the  predominance  of  miuarals  peculiar  to  it,  though  at  the  points 
where  the  layer  touches  the  layers  above  and  below  it  the  character 
of  ito  contents  is  by  no  means  bo  well  defined.  The  rock  salt  at 
the  bottom  is  welluigh  pure,  though  interspersed  with  veins  of  an- 
hydrous sulphate  of  lime.  Next  above  is  a  100-foot  thick  bed  of 
salt,  interspersed  with  reins  of  a  complex  stdphate  of  potash,  sodn, 
and  magnesia  (polyhallite).  Above  this  is  a  90-foot  bed  of  sul- 
phate of  magnesia  (kieserite),  mixed  with  a  double  chloride  of 
potassium  and  magnesium^  And,  finally,  at  the  top  is  a  70-foot 
bed  of  the  potash  mineral  proper  (carnallite)  ;  this  u  a  hydrated 
doable  chloride  of  potassium  and  magnesium,  containing,  when 
pure,  about  27%  of  dry  chloride  of  potassium.  The  mineral  is  de- 
tached in  large  masses  from  the  bed  by  tneans  of  gunpowder.  The 
cost  of  extracting  it  is  exceedingly  low,  and  the  amount  produced 
is  limited  only  by  the  demand. 

In  the  beginning,  the  crude  potash  mineral  was  sent  into  com- 
merce to  be  s<jld  as  a  fertilizer  under  the  name  Abraum  Salt,  and  it 
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is  still  used  in  that  way  to  a  certaia  extent;  bat  chemical  works 
were  soou  eiitablished  fui  the  purpose  of  purifyiag  the  miuecal,  aad 
the  secondary  products  of  those  works  are  now  uaed  as  mauuree. 
Muriata  of  PotaA. 

A  great  variety  of  commeruiat  fertiiizera  are  now  prepared  at 
Stasafurt,  aud  sold  at  chasp  rates.  Both  chloride  of  potassium  aud 
sulphate  of  potash  uiay  be  had  iu  varyiii);  degKes  of  purity.  Oae 
of  the  varieties  of  the  chloride  iu  puitiuuiar,  knowu  as  "  muriate  uf 
pota^  of  S0%,"  has  bueu  lai}{ely  used,  and  may  perhaps  be  as  good 
as  any  other  of  the  Stassfurt  products  for  the  generality  of  pur- 
poses. It  may  be  said  to  coutaiu  just  halt'  its  weigtit  uf  real  pobish 
(K,0).  There  is  another  variety  of  the  muriate  stronger  thau  tliu 
foregoing,  classed  as  "  95  to  98%  muriate,"  but  it  probably  has  no 
■peoiul  advant^e  for  agricultural  purposes. 

Muriate  of  potash,  no  matter  what  its  stiengtb,  may  answer  well 
enough  fur  clover,  gross,  corn,  and  ordinary  root  crops,  aud  it  has 
the  merit  of  being  cheaper  tlian  the  aulpliute.  But  it  is  ol^ectiun- 
able  in  respect  to  sugar  beets,  tobocuo,  and  sonietimes  as  regards 
potatoes.  The  chloriue  iu  it  hiuders  beet  augur  from  crystalliziug, 
and,  in  some  soils,  tends  to  make  potatoes  waxy  ratlier  than  mealy. 
It  impairs  the  quality  of  tobacco  leaves  to  such  an  exteut  that  they 
commaDd  a  tower  price  than  would  have  been  tlie  case  if  another 
kind  of  potash  salt  hod  been  used.  Honce  sulphate  of  potash  that 
contains  no  coutauiinatiou  of  chlorides  is  greatly  preferred  for  to- 
bacco and  beets;  and  is  esteemed  to  be  best,  on  the  whole,  fur 
potatoes  also. 

SiUphaUt  of  Folaih. 

Until  quite  recently,  it  iiss  uot  been  easy  to  procura  sulphate  of 
potash  of  the  requisite  purity,  except  by  buying  the  pure  pharma- 
ceutical preparation  at  a  rather  high  price.  It  is  true  that  so-called 
sulphates  of  potosli  from  Stnssfnrt  liave  for  some  years  been  readily 
procurable  from  tlie  dealers  iu  fertilizers,  and  that  some  uf  these 
products  have  even  been  called  "high-grade  sulphate  of  potash"; 
but  they  were  usually  so  heavily  admixed  with  chlorides  that  they 
could  not  possibly  be  commended  for  those  croie  to  which  chlorides 
should  not  be  applied. 

The  commonest  of  the  Stassfurt  products  that  contain  sulphates 
is  the  so-called  "kainit,"  which  is  prepared  by  calcining  one  of  the 
Tintursl  ndiierals.  It  usually  contains  about  12%  of  real  potash, 
but  is  a  mere  mixture  of  chltirides  aud  sulphates  of  potassium, 
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Bodiam,  anil  magnesium.    TLere  ia  iiBuall}'  enough  clilurine  in  kunit 
to  amount  to  ratlier  mure  than  ona  quaitur  of  its  weight, 

Anotlier  product  auid  aa  sulphate  of  potash  generallf  contains  as 
much  as  37  or  36%  of  i«al  potash,  and  is  in  so  &r  better  than 
kainit;  but  it  contuus  much  chlorina  also,  even  to  the  extent  of 
mure  than  one  third  its  weight.  Uore  than  two  thirds  of  the  pot- 
ash in  this  compoaud  must  be  in  the  form  of  muriate  of  potash, 
and  less  than  one  third  of  the  potash  in  the  form  of  sulphate.  £oth 
these  mixtures  are  so  impure  that  it  is  inoonect  to  speak  of  th«a 
as  sulphate  of  potash.  Subsequently  a  stronger  sulphate,  compan- 
tively  speaking  f»e  from  chlorides,  was  occasionally  brought  to  this 
country.  It  contained  80%  or  mors  of  pure  sulphate  of  potadi, 
which  would  be  equal  to  43%  of  real  potash.  Quite  recently  an 
article,  advertised  as  "  96  to  98%  sulphate  of  potash,"  has  been 
brought  to  us  from  Stassfurt. 

j^iiotber  compound  of  potash,  sulphuric  acid,  and  magnesia, 
known  as  double  sulphate  of  magnesia  aud  potash,  appears  to  be 
worthy  of  consideration,  becaiiae  it  could  probably  be  readily  and 
cheaply  prepared  quite  free  from  chlorides.  When  dry,  this  com- 
pound should  contain  some  38%  of  sulphate  of  magnesia,  and  from 
54  to  06%  ef  sulphate  of  potash,  which  would  amount  to  about  30% 
of  real  potash.     An  analysis  by  Alex.  Miilkr  showed  26%. 

In  addition  to  the  fore^^oiiig  "  sulpliatea,"  there  is  another  pro- 
duct of  American  mauuCuiture,  which  was  thrown  upon  the  mariiut 
in  large  qiutritities  several  years  ago,  that  needs  to  be  carefully 
guarded  against  Tn  view  of  the  lower  cost  of  freighting  the  muri- 
ate than  the  sulphate,  it  was  suggested  some  years  since  that,  at 
American  chemical  works,  muriatic  acid  should  be  made,  not  from 
cumroon  salt,  as  was  then  customary,  hut  from  Stassfurt  muriate  of 
potash,  BO  that  there  should  be  obtained  incidentally  high-grade 
sulphate  of  potash  for  use  in  agriculture.  This  idea  was  acted  upon, 
but  with  a  very  vicions  moditication. 

In  making  muriatic  acid,  the  inanufactureT  is  obliged  to  employ 
an  excess  of  oil  of  vitriol  in  order  to  obtain  a  fusible  i«sidne  which 
can  be  run  out  of  the  retorts  without  trouble.  Hence,  instead  of 
working  upon  the  basis  expressed  by  tlie  equation 

2  KCl  -t-  H,0,SO,  =  k,0,SO,  +  2  HCl, 
there  is  taken  more  sulphuric  acid,  somewhat  as  in  the  following 
equation,  ao  aa  to  get  an  "  acid  sulphate  of  potash  "  : 

2  KCI  +  2  (H,0,SO,)  =  (K,0,H,0,  2  SOj)  4-  2  HCl. 
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OrdiDsrilf,  abont  1}  molectilu  of  sulphuric  acid  are  taken  for 
two  mulooulea  of  chioride  of  potaaaium,  and  a  "  seaquUuIpliate  uf 
potash "  is  obtained,  and  this  product  should  be  roasted  to  expel 
the  excess  of  acid,  and  obtain  real  sulphate  of  potasb.  In  the  case 
now  cited,  the  dealers  in  fertUiters  omitted  to  have  the  roasting 
process  attended  to,  and  they  threw  upon  the  market  considerable 
quantities  of  an  acid  conoeive  product  unfit  to  be  applied  dimctl;  to 
land  tkat  was  to  be  seeded  or  pLauted.  This  aoid  sulphate  of  potash 
would  doubtless  be  excelleut  for  luUing  weeds,  insects,  sod  worms 
upon  land  infested  with  these  pests,  or  for  composting  with  weeds 
to  kill  their  seeds.  It  would  be  of  interest,  for  example,  to  test  its 
efficacy  upon  patches  of  groee-land  where  the  long-«nduring  whita 
grub  of  the  June  beetle  has  established  itself.  But  the  fanner 
needs  to  know  precisely  what  the  material  ia,  and  to  nse  it  with 
care.     It  was  wholly  inexcusable  to  sell  it  as  "sulphate  of  potash." 

I  have  been  told  of  instoncee  where  serious  money  loss  resulted 
hotn  using  this  acid  salt.  On  transplanting  young  tobacco  plants, 
fur  example,  into  land  that  had  been  dressed  with  the  acid  sulphate, 
the  growth  of  the  plants  was  checked,  and  the  crop  practically 
spoiled.  Similar  trouble  occurred  also  on  nsing  "formula  feitiU 
uen"  which  had  been  compounded  with  the  acid  sulphate.  Analo- 
gous instances  have  been  cited  in  the  Report  of  the  Connecticut 
Eifperimental  Station  for  1877,  page  43, 

In  case  such  material  should  fall  into  a  fanner's  hands,  the  acid- 
ity might  be  corrected  by  means  of  oshee,  either  lenched  or  fresh, 
or  by  means  of  bone-black  in  case  tbe  mixture  could  be  left  to  itself 
for  some  time  before  spreading  iU  Doubtless  sulphate  of  potash, 
pure  enough  for  ogrionltural  use,  will  eventually  be  prepared  in  this 
country  in  the  manner  above  described. 

Cheaper  to  Iraatport  Mtiriatt  than  Sulphate. 

It  is  noteworthy  that  the  cost  of  freight  for  the  potash  in  the 
innriate  of  80%,  which  contains  half  its  weight  (i.  e.  G0%)  of  real 
potash,  would  be  only  about  one  quarter  as  much  as  would  have  to 
be  expended  on  the  crude  snlphate  of  20%  real  potash,  for  the  mo- 
lecular we^ts  of  the  sulphate  and  the  chloride  differ  coDsiderably. 
Thus, 

K,  >-  fl2  K  =  31 

8   .82  01  =  3S.S 

O4  — J!«  66.8 
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Bat,  having  regard  to  potaaeium  in  each  ease, 

-  _  -y  J  „  p  wlJ.  -  -  .W  ;■ 

Beaide  this  advant^e  in  leepect  to  cost  of  tnoaporttttion,  the 
potaah  in  the  muiiate  can  be  sold  to  the  iarmer  at  a  lover  prioe 
than  that  ia  the  sulphate,  because  enoimona  quantities  of  the  mnri- 
ate  exist  ready  fonued  io  the  Stassfurt  mine,  and  can  leadily  he 
ezliacted  thence  at  trifling  coat,  whereas  mote  labor  and  ekiU  have 
to  be  expended  in  procuring  sulphate  of  potaati,  even  that  of  no 
more  than  tolerable  purity. 

Manifestly,  purified  articles  are  to  be  preferred  to  the  crude 
minerals,  in  so  far  as  this  country  is  concerned,  because  of  the  coat 
of  fiugbt. 

Slau/urt  SaUt  tddom  repay  their  Cott. 

It  is  a  curious  fact,  brought  out  by  European  experience,  that, 
while  phoephatic  and  nitrogenous  fertilizers  often  repay  their  cost 
at  once,  and  sumetimas  in  a  very  etriking  way,  dressings  of  pluu 
Stasafurt  salts  have,  as  a  gonenl  rule,  given  little  or  no  money 
profit  in  fertile  regions,  excepting  in  the  case  of  tobacL-o,  and  aome- 
timea  in  the  case  of  potatoes  grown  for  table  use. 

When  applied  to  clover,  to  beets,  and  even  to  grain,  the  potash 
•alts  improved  the  appearance  of  the  crops  and  increased  the  burden 
of  them,  but  in  very  many  instances  not  to  a  profitable  degree.  Sul- 
phate of  potash  has  perhaps,  on  the  whole,  done  rather  better  than 
the  chloride ;  hut,  with  the  exception  of  tobaoco,  and  perhaps  pota- 
toes, and  sometimes  on  beet  farms  and  moorlands,  it  has  failed  to 
yield  the  hoped  for  profit 

Athet  better  than.  PoUuh  SalU. 

In  one  word,  experience  has  proved  that  the  Stassfurt  fertilizera, 
used  as  such,  are  decidedly  inferior  to  wood  ashes.  The  explanation 
•earns  to  be,  that  the  sulphate  and  the  chloride  are  devoid  of  the 
alkaline  quality  which  is  so  marked  a  peculiarity  of  caibonate  of 
potash,  which,  as  is  well  known,  is  the  efiective  agent  in  wood 
ashes.  And,  in  point  of  fact,  European  experience  has  shown  that 
the  Stassfurt  salts  answer  a  better  purpose  when  they  are  applied 
to  marled  land,  or  when  they  are  used  in  conjunction  with  lime. 

Undoubtedly  there  is  still  much  to  be  learned  as  to  the  beet 
ways  of  using  both  sulphate  and  muriate  of  potash;  but  it  wilt  be 
well  meanwhile  to  act  upon  this  lime  hint,  and  to  study  the  plan 
of  making  com^Ktsts  with  peat  and  a  mixture  of  lime  and  muriate  of 


jbvGooglc 


DIFTCSION  OF  POTASH.  125 

potuh,  u  fau  been  sliMdy  suggested.  It  msf  be  trne  withal,  that 
smsll  additions  of  potash  salts  and  other  fertilizen  to  bamyiinl 
nunnre,  naed  in  half  ita  usual  quantity,  may  be  fur  certain  crops 
an  economical  mode  of  application.  The  lack  of  protit  aboVe  men- 
tioned was  in  cases  when  potash  salts  wete  used,  eitbsi  by  theiu- 
selvee,  ot  in  conjunction  with  other  commercial  fertilizers 

It  needs  to  be  said,  however,  that,  when  a  mixture  of  lime  and 
muriate  of  potash  is  used,  there  will  naturally  be  produced  more  w 
less  chloride  of  calcium,  which  is  hnrtfal  to  some  plants,  and  which, 
as  Mayer  has  u^ed,  may  "  bind "  the  land  in  some  eases.  It  has 
Bot  yet  been  determined  whether  this  particular  form  of  binding 
would  always  be  hurtful  for  all  kinds  of  soils.  This  is  a  point 
which  might  well  have  been  talked  about  with  those  old  farmeis 
who  fonnerly  made  and  used  composts  with  lime  snd  sslt.  The 
binding  eonld  perhaps  be  avoided  by  applying  the  mixed  fertilizers 
in  autumn,  for  spring  crops;  snd  so  giving  time  for  the  chloride  of 
calcium  to  leach  out  of  the  land.  It  is  not  at  all  dear  that  this 
bindii^  may  not  be  due  to  carbonate  of  potash  formed  in  the  soil 
by  the  reaction  of  the  potassinm  chloride  on  limestone. 

Sv^ihatt  of  Piileuh  may  react  taeU  vpm  tkt  SoiL 

Heiden  has  argued  in  a  somewhat  similar  way,  that  sulphate  of 
potash  may  perhaps  generally  do  better  service  than  the  chloride, 
beoaose  it  produces  a  better  ckss  of  compounds  than  the  latter  by 
reacting  on  the  soil.  Such  useful  compounds  as  gypenm  and  sul- 
phate of  magnesia  may  be  prodnoed  when  enlphsta  of  potash  acts 
upon  loam,  while  f^m  the  action  of  chloride  of  potassium  come 
the  chlorides  of  oaldom  and  of  magnesiam,  which  may  readily  do 
harm  to  plants. 

In  this  snnsB,  it  might  be  said  therefore,  sven  of  the  sulphates  of 
low  grades,  that,  in  spite  of  their  being  contaminated  with  chlorides, 
they  are  comparatively  speaking  meritorions,  and  somewhat  in  pro- 
portion  as  the  amount  of  sulphate  of  potash  contained  in  them  is 
larger.  There  is  withal  a  good  deal  of  field  experience  which  goes 
to  snpport  the  view  that  the  low-giade  sulphates  are  on  the  whole 
bdter  tiian  the  mere  chlorides. 

MvriaU  of  Potath  difftuet  tolerably  etuUy. 

Then  is  one  advantage  to  be  credited  to  the  chloride,  however, 
in  that  H  diffuses  in  Uie  soil  rather  better  than  the  sulphate.  Pot- 
ash is  BO  nadily  fixed  by  the  double  silicates  in  loam,  that  it  is  not 
easy  to  secure  a  proper  dissemination  of  the  potaseic  fbrtiltzen.    So 
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matter  how  dwpl;  they  may  be  plotighed  tinder  or  harrowed  in, 
the  potash  is  apt  to  be  absorbed  aud  bouud  at  precisely  those  spots 
where  the  particles  of  the  fertitiKer  first  came  in  contact  with  the 
earth.  But  this  is  a  great  disadvantage  in  many  cases,  especially 
where  it  is  desired  to  manure  the  sabsoil  evenly,  in  anticipation  of 
growing  deep-rooted  crops  like  sugar  beets  or  clover. 

Experiments  have  shown  that  the  potash  in  the  chloride  is  fixed 
decidedly  less  easily  and  lass  rapidly  than  that  in  the  sulphate,  so 
that  a  better  diffusion  may  be  had  by  means  of  it  UnfortnmUely, 
the  chloride  ia  not  applicable  for  the  growth  of  sugar  beets.  But 
the  crystalline  double  sulphate  of  potash  and  magnesia,  already 
mentioned,  appeara  to  be  able  to  diffuse  potash  in  the  soil  even 
better  than  the  chloride.  It  is,  moreover,  a  pure  substance,  free 
from  chlorides,  and  on  this  account  specially  worth;  the  attention 
of  beet-root  and  tobacco  growers.  In  such  cases  as  this,  and  when 
miztuT«8  of  Stassfurt  salts  and  lima  are  used,  the  fertilizer  will 
naturally  be  applied  in  autumn,  or  as  long  as  possible  before  a  crop 
is  to  be  planted  on  the  land. 

ExperimtnU  on  tlte  Diffuting  of  Potath. 

Treutler  has  made  an  extended  study  of  the  question  how  beet  to 
hinder  or  counteract  the  fixation  of  potash  by  the  soil,  so  that  this 
fertilizer  may  be  made  to  diffuse  it^lf  into  the  subsoil  aud  through 
all  parts  of  the  standing  room  of  crops.  He  found  that  bone-nieal 
exerted  a  decided  influence  to  hinder  the  fixation  by  the  soil  of  the 
potash  in  sulphate,  carbonate,  nitrate,  or  chloride  of  potassium  ;  and 
that  several  other  fertilizers  had  some  power  to  binder  the  fixation 
of  potash.  Several  saline  fertilisers  decidedly  hindered  the  fixation 
of  potash  from  carbonate  of  potash  in  particular.  Farmyard  nio- 
uates  of  various  kinds  hindered  the  fixation  of  potash  from  the 
sulphate  and  the  chloride,  while  they  increased  the  fixation  as 
regards  carbonate  and  nitrate  of  potash. 

Next  to  bone-meal,  humna  seemed  to  have  the  most  marked  sol- 
vent action  when  used  with  sulphate  or  with  chloride  of  potassium, 
but  it  inctoosed  the  fixation  decidedly  as  rogaids  carbonate  of  potash, 
and  slightly  as  regards  nitrate  of  potash.  A  mixture  of  humus  and 
carbonate  of  ammonia  had  in  general  less  solvent  action  than  humus 
alone,  or  oven  than  carbonate  of  ammonia  by  itself.  Carbonic-acid 
water  did  not  exhibit  much  solvent  action,  perhaps  because  the 
carbonic  acid  speedily  escaped  from  it  on  coming  into  contact  with 
the  soil. 
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Kitnto  of  bcmU,  mad  in  oonjunction  with  anlph&te,  caibonate,  or 
Ditiote  of  potosb,  increaaed  the  (litfusion  of  the  potash  appreciably, 
bat  it  did  not  do  ao  when  uaed  with  chlorido  of  potaaainm.  Oypaum, 
Epaom  aalt,  and  especially  snperphoephata  of  liuie,  hod  aome  aolvent 
action,  excepting  when  oaed  with  nitrate  of  potoah.  Bat  chloride  of 
aodiuni  exhibited  very  little  aolvent  action  in  any  caae, 
.  The  fixation  of  potaab  &om  chloride  of  potaaaiuui  was  hindered 
by  bODe-ineal,  humua,  maniucB,  dang  liquor,  carbonate  of  amnion  in, 
•uperpboaphate,  gypsum,  Epaotn  aalt,  and  carbonic-acid  water.  In- 
deed, with  the  exception  of  common  anit  and  nitrate  of  soda,  all  the 
anbstancea  tried  by  Treutler  promoted  the  diffusion  in  the  soil  of 
the  potash  in  chloride  of  potassium.  It  was  noticed,  aa  had  been 
done  before  by  other  nbeerrers,  tbat  in  general  the  fixation  of  potash 
from  a  solution  of  the  chloride  is  less  complete  than  it  ia  from  the 
sulphate  and  carbonate,  or  even  from  the  nitrate. 

Practieal  Rnlet  for  api^jfing  PotoiA  Sa&i. 

In  defanit  of  any  extended  practical  experience  with  the  Stassfurt 
fertilizers,  and  their  known  inability  to  repay  an  immediate  money 
profit  in  most  cases,  it  will  probably  he  well  not  to  apply  large 
quantities  of  them  at  any  one  time.  The  amount  tbat  a  judicioua 
laborer  would  naturally  scatter  from  his  hand  when  sowing  one  of 
these  salts  upon  a  field  wonld  probably  be  a  tuefnl  application  to 
that  crop  in  a  rotation  which  stands  in  special  need  of  piotaeb.  It 
appears  that  the  mnriBta  is  often  applied  at  the  rate  of  125  to  250 
lb.  to  the  acre,  and  kainit  at  the  rate  of  700  to  900  Ih.,  nauslly  in 
conjunction  with  other  fertilizers.  German  dealers  in  fertilizera 
recommend  tbat  mnriate  of  potash  should  be  applied  to  heavy  soils 
in  autumn,  and  to  light  or  sandy  soils  in  early  spring. 

As  regards  the  profitable  use  of  potash  salts  for  fertilizing  pota- 
toes, BretscUneidei  has  insisted  that,  although  much  depends  upon 
the  mode  of  their  application,  moderate  dressings  of  the  Stassfurt 
fertilizera  are  decidedly  useful.  In  so  &r  aa  mere  increase  of  crop 
ia  concerned,  he  holds  that  it  does  not  much  matter  whether  the 
fertilizer  is  used  in  the  form  of  a  sulphate  or  of  a  chloride,  provided 
as  much  potash  is  applierl  to  the  laml  in  the  one  case  as  in  the 
other.  He  nrges  that  potash  salts  shonld  be  strewn  broadcast  after 
the  land  has  been  harrowed  flat,  and  then  be  worked  in  slightly 
with  a  smoothing  harrow  before  any  furrows  are  drawn,  or  drills 
marked  oat  for  the  reception  of  the  seed.  By  proceeding  in  this 
way  an  increase  of  crop  may  confidently  be  looked  for. 
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On  the  other  band,  potash  Baits  should  never  be  put  into  the 
hills  vbere  they  miglit  come  in  contact  with  the  seed  potatoes,  uor 
be  Btrenn  in  the  furrows,  since  they  are  apt  to  hinder  the  sprouting 
of  the  seed  and  to  deatroy  the  young  sprouts.  Nor  should  the  salt 
be  strewn  as  a  top-dressing;  for  in  this  case  much  of  the  fertilizer 
would  be  left  where  the  rootlets  can  have  no  proper  access  to  it. 

Under  the  heed  of  Soda,  it  will  bs  seen  that  many  plants  can  bear 
an  application  of  common  salt  or  of  sea-water  when  matura  which 
would  kill  them  if  they  were  young.  The  same  remark  is  true  of 
the  9ta8sfurt  salts,  especially,  it  would  appear,  of  the  muriate ;  and 
it  has  been  recommended  that,  in  applying  this  compound  to  rout 
crops,  it  should  be  worked  into  the  soil  at  the  time  of  the  first  or 
second  hoeing,  in  order  to  be  sure  that  none  of  it  can  come  into 
contact  with  the  young  plants. 

Multitudes  of  field  experiments  with  potash  salts  have  been  re- 
ported in  the  German  journals,  and  the  results  of  them  vary  not  a 
little.  The  foUoiring  table  of  results  obtained  by  Stoeckhanlt  may 
serve  in  some  sort  as  an  epitome  of  the  matter.  The  fertilixere  were 
applied  in  this  case  to  potatoes  on  wom-out  land.  It  wss  a  light 
sandy  soil  charged  with  humus.  Tubers  were  harvested  from  1^ 
acres  of  land  aa  follows,  in  German  pounds  :  — 

Waight  of  Crop,     Far  Cant  oTStuislL 

«00  lb.  nitmto  of  potassium 12,3i0  23.0 

"     Milphnte        "  Il.lfiO  S1.6 

"     carbonate       "  10,720  21.2 

"     chbritle         "  8,860  ao.« 

"      trntrate  "  6,6*0  Sl.O 

"      phoaphatfl       "  S.^GO  Sl.O 

Kamanura i,Si(l  28.3 

600  lb.  silicate  of  potasdum 819  ^ 

Chiaridet  hinder  Tobacco  from  Burning. 
The  objection  to  chloride  of  potassium  as  a  manura  for  tobacco 
depends  upon  the  fact,  that  leaves  of  this  plant  which  have  been 
grown  upon  land  rich  in  chlorides  will  not  burn  readily  when  dry, 
apparently  because  the  chlorides  tend  to  prevent  a  certain  swelling 
or  puffing  np  of  the  ashes  in  the  half-bnmed  tobacco  which  is  favor- 
able for  bringing  the  particles  of  carbon  into  intimate  contact  with 
the  iur.  Kumerous  exprarimente  in  proof  of  this  peculiarity  of  the 
chlondea  have  been  recorded.  The  following,  by  Nessler,  are 
among  the  most  recent  of  them.  A  number  of  individual  tobacco 
1  In  this  case  the  plants  were  distrrraad. 
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pUnto  growing  in  fields  in  two  different  townshipe  \ren  watered  at 
the  end  of  Jol^  with  eolntioiu  containing  eacb  16  gimma  of  the 
Bait  to  be  tested.  After  the  harrest  the  leave*  were  analyied,  and 
teated  as  to  their  power  of  htddiog  fire. 

EzFEKivBim  IN  Caburdhe. 


Kind  of 


^liBm««il   J 


CiclWHte    Olio-  , 


UarylaDd. 

Nomaoani 

8S 

9 

80.  S 

" 

Salpbabi          "            .    . 

41 

28.0 

NitKtt            '•            .    . 

S2 

Java. 

VoDuiiinra 

48 

" 

20 

82.8 

Sulphat.           "             .     . 

«7 

80.4 

Mitmte              "             .     . 

81 

S8.3 

Nnrombeis.  No  manora 

9 

ChloridB  of  p<rt«rfnDi     .    . 

1* 

88.9 

SlllphttB                 "                    .       . 

IS 

25.7 

" 

Hiuato             "             .     . 

81 

21.1 

EXPEBIMEKIV  ID 

Seckuihbim. 

OondL 

Ko  mnmra 

8 

6 

19.0 

Sulphate          "             .     . 

31 

18.9 

Hitiate             "             .     . 

45 

17.2 

" 

diut  to  the  hsctare      .     . 

19 

1S.0 

" 

S3  vagDo*  farai  inuian  and 

SOO  kilM  poUMh   tiimr- 

Phoiph-f 

22 

18.7 

83  wigooa  fiTTD  nMDnre  and 

80,«00  Utrai  dnng  liqnor 

17 

18.8 

3S  wigon*  TanD  maoara  and 

19,300  titmduDglEquor 

7 

18.0 

15  wagoDS  r»no  mannre  and 

16  wagoua  night-wU  .     . 

178 

19.9 

M  wagooa  bnn  nannn  to 

the  hectare 

8 

23.1 

It  appean  that,  with  one  exception,  the  application  of  chloride 
of  potaeniim  diminished  the  oombnstibility  of  the  tobacco.  One  of 
the  most  remarkable  resolta  is  the  last  item  bnt  one  in  the  table, 
for  nt^t«oil  usually  contains  a  considerable  proportion  of  chlorides, 
and  is  thought  to  be  apt  to  injure  the  combnstibility  of  tobacco. 
Keaeler  snggeeta  that  in  this  instance  the  preceding  crop  (mangolds) 
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a»y  have  used  up  whatever  chlondes  there  were  in  Ute  field,  and 
have  left  the  soil  coinpaRitivBly  free  fmm  them  at  the  start. 

The  original  experimente  of  Schloeaing  are  given  in  the  following 
table.  They  were  made  on  poor  eandy  soil  that  was  Bomewbut 
calcareous,  and  clayey  enough  also  to  be  aomewbat  tenacious.  The 
Boil  contained  rery  little  chlorine,  sulphuric  acid,  or  potnah.  One 
interesting  point  which  these  experiments  iUuatrate  is,  that  while 
sulphate  of  potaah  gives  much  potash  to  the  plants,  very  little  sul- 
phuric acid  is  taken  up  .by  them.  The  result  is  similar  to  that 
obtuaed  by  Bouesingault  iu  his  experiments  with  gypsum. 

B.L     o»ii«.»     ""I- U-- lit ";S- 'St  ™^- -  - 


MnlrhUaofpotHh        laS       6.6B 


T.IT      0  IS      0.8T 


It  will  be  noticed  that  the  plots  1,  2,  9,  and  10,  to  which  no  put* 
ash  vras  applied,  all  gnve  bad  burning  tobacco  ;  that  those  treateil 
with  chlorides,  4,  9,  and  10,  gave  tobacco  that  contained  three  times 
as  much  chlorine  as  the  others,  showing  that  this  element  is  easily 
assimilated  ;  ani]  that  the  tobacco  which  contained  tbia  large  pro- 
portion of  chlorine  burned  badly. 

Staitfurt  Salli  may  preterve  Manure. 

Several  of  tbe  low-grade  rainemls  and  products  Arom  Stassfnrt  are 
well  snitad  to  be  used  instead  of  gypsum  in  hone  and  cow  stables, 
and  in  sheep  stalls,  to  keep  tbem  sweet ;  and  even  on  dung-heape,  to 
hinder  that  form  of  pntrefiiction  which  occasions  loss  of  ammonia. 
They  may  be  used,  perhaps  even  more  economically  than  gypsum, 
to  "  hold  "  ammonia,  as  the  common  saying  is ;  for,  as  is  well  known, 
chloride  of  magnesium  (and  chloride  of  oalciam  also)  has  the  power 
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to  absorb  and  fix  very  oondderable  quantities  of  ammonia.  Eich- 
horn  found,  for  example^  tbat  one  gmm  of  anhjdrous  cbloride  of 
magnesium  cuulil  absorb  1,187  c  c.  of  ammonia  gaa  (and  one  gram  of 
chloride  of  ualciam  1,437  gTame),  while  a  giam  of  spruce  cluircoal 
abeorbed  no  moTQ  than  105  c.  o.  of  ammonia. 

Fittbogen  has  made  numerous  trials  with  stall-fed  sheep,  at  tem- 
peratures ranging  from  54  to  69°  F.,  to  determine  how  much  of  the 
nitrogen  in  tbs  fodder  was  retained  in  the  manure  according  as 
one  or  auotber  of  the  preservatives  was  scattered  upon  it  He  was 
well  satisbed  with  their  action,  having  obtained  results  which  are 
given,  very  much  condensed,  Iq  the  following  table.  The  foUowiug 
amounts  of  the  fodder  nitrogen  were  found  in  the  manure^  whea 
there  was  used,  — 

FwCaat 

No  imagnratiTe,  froai 7Ita83 

O.lOkiliagTpHiiD  to  Nch  iluepk  perd*;,  frma  .     .     ■    >    8S  to  (10 
0.08     "    kaiait  "  '*  "  ....     84  to  94 

0.12    ••    nmallit       "  "  •'  ....    87  to  87 

O.Ofl     '■    refiue  aUCa  rrom  the  Stanfart  factonea    .     .     .         >0 

In  practice,  it  would  probably  be  suffident  to  use  half  a  ponnd 
per  diem  either  of  kainit,  or  camallit,  or  gypsum,  for  each  horse  or 
cow,  or  for  every  10  sheep.  The  potash  compounds  would  be  just 
as  valuable  when  used  as  fertilizers  indirectly  in  this  way,  as  if  they 
were  put  upon  the  land  as  sucL 

Troschke  found  that  while  carnalUt  strewn  in  stables  absorbed 
9%  of  ammonia,  kainit  absorbed  only  4^%;  though,  as  be  remarks, 
the  large  proportion  of  chlorides  in  camallit  might  sometimes  be 
objectionable.  Maercker  also  has  suggested  that  it  will  be  well  to 
avoid  those  salts  which  are  rich  in  chIori<les  in  coses  where  the 
mannre  is  to  be  need  for  tobacco  or  sugar  beets.  He  urges  also,  that 
the  tendency  to  absorb  mointure  from  the  air  which  is  exhibiteil  by 
the  salts  which  contain  much  magnesium  chloride  may  make  them 
inconvenient  of  application  in  aome  cases. 

Morren  found  that  the  loss  of  nitrogen  ^m  decaying  hom-meol 
was  almost  wholly  prevented  when  10%  of  kainit  was  mixed  with 
the  horn.  The  mixture  reraained  neutral  instead  of  becoming  alka- 
line, as  happened  when  the  moistened  meal  was  allowed  to  ferment 
without  the  kainit. 

The  resnlts  given  in  Fittbogen's  table  manifestly  refer  to  tolerably 
fresh  manure.     Other  experimenters  have  shown  that  the  preserva- 
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tivA  iiifluenc-«  of  ktunit;  bdJ  gypaum  is  not  necessarily  i>ennaiieut, 
since  considerable  losses  both  of  the  dry  matter  and  the  nitrogen  in 
the  manure  thus  treated  hiive  been  noticed  aftsT  a  fev  months' 
time.  Trosclike  found  at  the  eud  uf  3  months  that  a  loss  of  20%  of 
the  diy  substance  and  10%  of  the  nitrogen  had  occurred  in  manure 
vhich  hod  boen  mixed  with  kainit,  and  thut  19%  of  the  dt?  sub- 
stance and  32%  of  the  nitrogeu  had  disappeared  from  manure  that 
liad  been  mixed  with  gypsum.  He  found  that  gypsum  tiied  am- 
luouium  carbonate  mure  freely  tlian  either  of  the  Stassfurt  salts, 
aod  that  among  the  hitter  kieserit  was  the  most  etfective.  Heidcn 
also  found  tikat  kainit  was  less  effective  tlian  gypsum  for  fixing 
ammonium  carbonate. 

Value  of  Poiatkn. 

American  potashes,  wliicfa  consist  essentially  of  a  mixture  of  hy- 
drate aiid  carbonate  of  potash,  and  usually  contain  some  60%  of  real 
potash,  may  be  had  nowadays  at  about  5  cents  the  pound  at  whole- 
sale. Hence  the  i>ound  of  real  potash  in  tliem  wotUd  cost  about 
8  cents,  while  it  can  be  obtained  for  4  or  5  cents  in  the  form  of 
muriate  of  potash.  But  in  view  of  the  ability  of  the  caustic  alkali 
to  decompose  and  dissolve  bones,  and  to  excite  fermentation  in  hea|m 
of  t)eat,  weeds,  and  other  vegetable  matters,  as  has  been  explained 
under  the  head  of  Composts,  it  may  after  all  be  best,  in  some  cases, 
for  the  farmer  to  buy  what  potash  may  be  needed  for  his  land  in 
the  shape  of  "potashes,"  rather  than  in  thnt  of  sulphate  or  of 
chloride  of  potassium.  Although  the  real  potash  (K^O)  in  the 
"potashes"  may  cost  much  more  money  than  it  would  if  bouglit 
in  the  form  of  a  neutral  salt,  it  may  nevertheleea  be  trae,  perhaps, 
that  the  caustic  alkali  may  be  the  chea|>er  substance  for  the  iarmer 
to  buy,  because  it  is  really  a  source  of  two  kinds  of  power.  After 
it  has  made  the  peat,  or  bone-meal,  or  weeds,  or  what  not,  ferment, 
it  is  still  as  useful  ss  ever  as  a  source  of  potash  for  the  crops.  "  Pot- 
ashes" are  here  specially  insisted  upon,  because  they  can  always 
he  had  everywhere ;  thongh  of  course,  if  wood  ashes  can  be  got,  the 
alkali  in  them  ought  to  come  at  a  cheaper  rate,  because  ashes  are  a 
crude  unmannfActured  material,  upon  which  no  labor  has  been  ex- 
pended except  the  cost  of  collecting  and  transporting  them. 
Nltralt  of  Potath. 

Nitiate  of  potash  is  a  powerful  manure,  as  has  been  said  under 
the  head  of  Nitrogen  Compounds.  It  is  often  formed  in  the  soil, 
no  doubt,  and  does  good  service  theie  in  feeding  ci^ift,  but  it  has 
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hitherto  nrel;  been  emploTed  aa  s  coramer 
its  high  price  ;  L  a.  it  has  beeu  worth  too  much  for  other  purpoma, 
anch  OB  the  mannbcture  of  gunpowder,  to  be  available  for  agricul- 
ture. Owing,  howerer,  to  the  great  reduction  in  price  which  hoe 
resulted  from  the  working  of  the  Stoaafurt  mine,  nitrate  of  potuh 
is  nowadays  naed  with  advantage  in  cultiTating  tobacoo.  Here  the 
quality  of  the  crop  is  of  paramount  iiuportaoce,  and  it  "pays"  to 
feed  it  with  the  best.  So,  too,  excellent  potatoes  may  be  grown  by 
mannring  with  nitrate  of  potash. 

The  old  plan  was,  instead  of  using  nitrate  of  potash  directly,  to 
apply  a  mixture  of  nitrate  of  soda  and  muriate  of  potash  ;  and  for 
grass  and  grain  this  mixture  is  well  piiongh,  but  the  chloride  of 
potassium  is  objectionable  both  for  potatoes  and  tobarato,  as  well 
as  for  sugar  beets,  in  that  it  is  apt  to  hurt  their  quality.  Hence  the 
modem  use  of  nitrate  of  potash  in  these  special  cases.  It  may  be 
ssked,  however,  whether  a  mixture  of  nitrate  of  soda  and  sulphate 
of  potash  of  the  highest  grade  might  not  be  used  with  advantage 
instead  of  pure  saltpetre.  In  Dreaohlar'B  field  experiments  on  pota- 
toes, it  appeared  that,  while  potash  in  the  form  of  nitrate  of  potash 
did  much  better  service  than  that  in  kainit,  the  chief  gain  con- 
aiated  in  the  fact  that  the  nitrate  tubers  were  of  larger  size  than 
the  others. 

Sal/pare  WdtU. 

At  gunpowder  works,  and  other  places  where  crude  saltpetre  is 
refined,  a  waste  product  containing  some  snlphate  of  potash  and  it 
little  nitrate  of  potash,  together  with  a  good  deal  of  common  salt 
and  sulphate  of  soda,  may  be  procured.  As  haa  been  ezplitined 
under  the  head  of  Nitrates,  this  waste  product  often  has  oonsideni' 
ble  value  as  a  fertilizer,  though  it  needs  to  be  analyzed  because 
different  samples  of  it  vary  widely  as  to  their  compoeition. 
PotaiK  aid*  in  tnxntloeatinif  Starch. 

As  win  be  explained  in  another  connection,  it  has  been  discov- 
end  that  potash  plays  a  very  important  port  in  vegetable  physi- 
ology, in  that  it  serves  as  a  means  of  enabling  starch  to  move  from 
one  port  of  the  plant  to  auother.  Moreover,  those  juices  of  plants 
which  are  noticeably  sour,  ench  as  lemon  juice,  the  sap  of  rhubarb 
stalks  and  sorrel  leaves,  the  juice  of  sour  apples,  gooseberries, 
grape^  and  the  like,  commonly  contain  an  acid  salt  of  potash.  In 
moat  such  caeea  the  acid  combined  with  the  potash  is  either  citric, 
nmHc,  tartaric,  or  oxalic 
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It  has  been  noticed  vithal,  that  tobacco  leaves  well  charged  with 
the  potash  e^ts  of  the  vegetitble  acids  now  in  question  bum  readilf, 
in  a  manner  very  onlike  leaves  that  contain  chlorides.  Hence  one 
advantage  in  feeding  tobacco  plants  with  appropriate  potassic  fertil- 
izers, over  and  above  the  benetits  due  to  any  increase  of  the  amount 
of  crop.  The  presence  of  much  carbonate  of  potash  in  tobacco  ash, 
as  set  forth  in  the  table  on  page  129,  is  on  indication  that  cunsidet^ 
able  quantities  of  the  organic  eomponuds  above  mentioned  (oi  of ' 
nitrates)  were  contained  in  the  leaves.  When  subjected  to  beat, 
these  organic  potash  salts  swell  up  during  the  process  of  decompo- 
sition so  that  the  charcoal  is  left  in  a  spongy,  easily  combustible 
condition,  the  final  product  of  their  decomposition  being  carbonate 
of  potash. 


CHAPTER   VIII. 
MAQSESruM  C0MPODND8. 

Maonbshjh  is  one  of  the  elements  absolutely  necessary  for  the 
growth  of  plants.  In  the  aliaenoe  of  it  crops  cannot  prosper. 
But  sinoe  mmgneainm  compounds  are  fonnd  in  tolerable  abnn- 
dance  in  most  soils  of  fair  quality,  and  in  all  soils  that  are  dressed 
with  stable  manura,  coniparHtively  little  attention  has  been  given 
to  their  employment  as  fertilisers. 

It  is  tme,  indeed,  that  the  amount  of  tna^eeinm  taken  up  by 
plants  is  rather  large.  Thus,  the  nshes  of  wheat-grain  contain  about 
12%  of  magneeia  SKninst  3%  of  lime,  and  the  ashes  of  peas  6%  of 
magnesia  to  abont  4%  of  lime,  and  so  with  various  other  seeds  and 
grains.  It  is  noteworthy,  moreover,  that  a  comparatively  lftr<!e 
proportion  of  mogneda  acoumnlatea  in  the  grain  or  seeds  of  the 
plant,  and  is  in  that  way  liable  to  be  sold  in  the  crop  and  carried 
away  from  the  land.  But  it  is  also  true,  that  magneria  compounds 
are  widely  diffused  in  nature. 

Small  quantities  of  silicate  of  msgnesia  occur  in  many  rocks,  such 
as  fiimnites,  syenites,  dolerites,  and  the  like.  All  limestones  con- 
tain more  or  less  m^nwia,  and  the  so-called  "  ilolomites,"  or  mt^- 
nesian  limestones,  contain  a  great  deal  of  It.    Scapatone,  Bsq>entine, 
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and  the  talcose  alatea  are  magnsBian  rocks.  There  is  nugnesia  in 
aabfls  also,  in  bonee,  and  in  sea-water.  It  is  conseqiientlj  an  exoep- 
ttoQ  to  the  general  rule  when  a  soil  is  sterile  through  absence  of 
magnesia. 

NflTerthelesB,  it  may  sometimes  be  true  that  the  application  of  a 
small  qoantity  of  a  magnesia  compound  to  land  will  improve  it. 
This  has  been  seen  occasionally  in  Germany,  as  a  result  of  the  ap- 
plication of  the  potash-magnesia  minerals  from  Stasafurt  It  was 
shown  long  ago  by  Stoeckhanlt,  as  the  result  of  very  extended  ex- 
periments with  magneeian  limestone  from  the  low  lands  of  Saxony. 
Model  of  Action  of  Magnetia. 

It  is  possible  that  magnesia  when  applied  as  a  manure  may  act 
directly  by  serving  as  food  for  the  plant,  or  it  msy  be  thst  it  will 
act  indirectly  by  expelling  potash,  or  ammonia,  or  lime  from  the 
aluminous  double  silicates  of  these  substances  which  exist  in  the 
soil.  When  applied  in  the  form  of  a  magneeian  limestone,  for 
example,  the  magnesia  may  perhaps  help  the  lime  to  effect  the  ex- 
pulsion of  the  foregoing  ingredients  of  plant-food  from  the  hydrous 
silicates  that  bold  them.  In  other  words,  it  may  happen  that  the 
decomposition  of  the  silicates  is  brought  about  mors  readily  by  a 
mixture  of  lime  and  magnesia  than  by  lime  alone. 

The  magnesian  limestone,  just  now  mentioned  as  baring  been 
examined  by  Stoeckhardt,  gave  a  quicklime  containing  about  60%  of 
lime  and  nearly  40S  of  magnesia ;  and  it  was  found,  as  the  result 
of  wide  and  long-continued  eTperieiice  in  Saxony,  tliat  this  lime  is 
a  stronger  and  a  more  enduring  fertilizer  than  that  obtained  fTom 
pnier  limeetonea,  It  may  well  he  true,  however,  that  the  final  effect 
of  such  lime  may  be  meohanical  rather  than  chemical.  It  may  work 
to  alter  the  texture  and  capillary  oondition  of  the  soil,  as  will  be 
seen  under  the  head  of  Lime.  It  is  easy  to  believe,  at  nil  events, 
that  the  more  ready  solubility  of  carbonate  of  magnesia  in  carbonic- 
acid  water,  as  compared  with  that  of  carbonate  of  lime,  may  give  to 
mf^esian  limes  a  real  superiority  over  pure  limes,  as  amelionnts  of 
heavy  land. 

The  argameot  is  not  infrequently  nrged,  that  phosphoric  acid  is 
specially  needed  by  plants,  since  it  accnmulates  in  their  seeds.  But 
manifestly  the  same  reasoning  would  apply  to  m^neeia  also,  which, 
as  has  just  been  stated,  is  found  in  seeds  in  lai^r  quantity  than 
occurs  in  the  other  parts  of  plants.  The  only  ditference  between 
the  two  cases  is,  that  phosphoric  acid  is  rare,  in  the  sense  that  it  ia 
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sparsel;  distribntod,  while  magnesia  is  abundant  in  most  mcks  and 
soils. 

Magnttia  lontetimei  ffvrffuL 

Doubtless  one  leason  why  bo  little  has  been  said  or  done  ia  &vor 
of  classing  magnesia  among  fertilizing  substances,  ia  due  to  an  old 
belief  that  it  is  liable  to  kill  plants.  This  notion  seems  to  have 
been  baaed  on  the  analyses  of  English  chemists  made  at  the  begin- 
iting  of  thia  century.  It  appeared  from  the  analyses  in  question, 
that  certain  limestones,  which  had  sometimes  been  found  in  prac- 
tice to  injure  Gra]:^,  contained  magnesia.  Teuuant  moreover  found, 
on  mixing  calcined  ma^eaia  with  soils  in  which  be  sowed  different 
kinds  of  seeds,  that  the  plants  either  died,  or  were  unhealthy,  or 
vegetated  in  a  very  imperfect  manner. 

Hence  tnogneeia  immediately  fell  into  bad  repute,  in  spite  of  the 
fact  that  Sir  Humphry  Davy,  on  inquiring  into  the  matter,  found 
that  there  were  cases  in  which  these  very  m^nesian  limestones 
were  used  with  good  effect  in  Geld  cnlture ;  and  that  a  number  of 
specimens  of  limestone,  which  had  been  sent  to  bim  by  fiirmera  as 
peculiarly  good,  were  found  to  contain  magnesia.  Furthermore, 
jDavy  called  attention  to  the  fact,  that,  in  one  of  the  moat  fertile 
tracts  in  Cornwall,  the  Lizard,  the  soil  contains  much  m^nesia. 
"  The  Lizard  Downs  bear  a  short  and  green  grass,"  he  saya,  "  which 
fbeds  sheep  pwdncing  excellent  mutton ;  and  the  cuUirated  parts 
are  among  the  best  grain  lands  in  the  county,"  Davy  made  ex- 
periments also  by  ^wing  plants  in  soils  mixed  with  magnenia 
compounds,  whence  it  appeared  that,  althongb  caustic  magnesia  ia 
injurious  when  present  in  considerable  quantity  in  the  soil,  it  may 
be  beneficial  when  mixed  with  peat,  or  when  it  exists  in  the  form 
of  a  carbonate. 

That  there  was  some  truth,  however,  in  Tennant's  experimentf^ 
and  in  the  prejudice  against  magnesia,  has  appealed  recently  from 
Knop's  experiments  in  water  culture.  Kuop  finds  that  in  the  solu- 
tions employed  in  water  culture  the  ma^esium  salts  do  manifest 
harm  unless  they  are  accompanied  by  an  abundance  of  lime,  potash, 
or  ammonia  solte.  By  themselves,  the  m^nesia  salts  bring  about  a, 
peculiar  alteration  in  the  roots  of  the  plants,  and  in  that  way  soon 
cause  the  death  of  the  plants. 

Knop  suggests  that  the  bad  effects  sometimes  produced  by  ma;^ 
nesia  in  field  cnlture  can  probably  be  prevented  by  using  in  con- 
junction with  it  a  suffioiMit  quantity  of  lime.    He  mokes  the  fluther 
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snggestion,  tliat,  io  view  of  the  eztremely  eaay  Bolnbility  of  cbtorid« 
of  magDwinm,  and  the  possibility  of  this  salt's  forming  in  Bom« 
soils  irheu  they  are  dressed  with  chloride  of  potassinm,  that  th« 
last-named  salt  may  be  inferior  as  a  fertilizer  to  sulphate  of  potash, 
whicli  woald  never  produce  any  such  hurtful  salt.  But,  as  has 
been  snjigeated  already,  this  very  fbrmstioii  of  magneaium  chloride 
in  the  upper  layers  of  the  soil  might  sometimes  be  advantageous, 
since  it  would  be  likely  to  reset  upon  the  potash  sUicato  balow,  and 
to  set  free  potash  from  it. 

JCifidi  of  MagHoiaH  Fertilutrt. 
There  is  but  little  tu  be  said  as  to  the  different  forms  in  which 
magnesia  may  be  ap))lied  to  the  laud.  Lime  rich  in  magnesia  can 
usually  be  obtained  readily.  It  would  not  be  difficult  to  reduce 
dolomite  to  powder.  If  the  use  of  it  were  found  to  be  advanta- 
geous, this  powder  could  be  suppUed  in  abundance  at  a  very  cheap 

The  Stassftart  minerals  and  the  products  obtained  from  them  are 
always  to  be  had.  Were  it  not  for  the  probability  that  lime  made 
from  dolomite  has  peculiar  merit  for  improving  the  textare  of  soils, 
it  might  be  said  at  once,  and  without  reaervstion,  that  in  some  one 
of  the  potnsh-magnesia  products  from  Stasafurt  may  be  found  the 
cheapest  snd  the  best  source  of  magnesia.  In  case  of  need,  it  would 
be  easy  to  treat  soapstone  or  serpentine  with  oil  of  vitriol,  and  so 
get  an  impure  sulphate  of  lime  and  magnesia.  Epsom  salt  also  ia 
obtainable  at  cheap  rates  &om  sea-water,  and  as  a  residuary  product 
in  the  mann&cture  of  carbonic  acid  gns  from  magnesite  by  means 
of  sulphuric  acid  ;  and  of  lata  years  chloride  of  magnesium  is  said 
to  be  procurable  almost  an  a  gift  at  Stossfurt. 

The  double  phosphate  of  magnesia  and  ammonia,  which  is  ob- 
tainable by  adding  a  m^^esium  salt  and  some  alluili  to  putrid 
urine,  should  likewise  bo  borne  in  mind.  The  preparation  of  this 
compound  has  oflen  been  proposed  as  a  device  for  saving  some  pnrt 
of  the  pbosphiric  acid  and  ammonia  now  lust  from  cities,  although, 
owing  to  the  bulky  character  of  the  liquid  to  be  operated  upon  BTid 
to  sanitary  considetatioiis,  the  procees  cannot  be  regarded  as  one  of 
general  applicability.  There  can  be  little  doubt,  however,  that  snl- 
phate  of  magnesia  (common  Epeom  salt),  or  chloride  of  magnesium, 
or  Abraura  salt,  may  be  added  with  advantage  to  the  pit  into  which 
the  dninings  vi  the  dnng-beap  flow,  in  cases  where  such  pits  are 
maintained. 
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It  ia  plaiu  tluit  the  fanner  may  free  his  mind  from  all  care 
as  regards  magnesia  considered  as  plant-food,  by  dressing  his  fields 
tightly,  once  in  a  while,  with  one  of  the  low-grade  Stassfurt  fertiliz- 
ers. Even  the  highest  grades  now  obtainable  coiitun  more  magnesia 
than  crops  need. 

In  apecukting  as  to  the  cM>nditioa  in  which  m^nesia  msy  exist 
in  the  soil,  the  compounds  specially  to  be  considered  are  the  carbon- 
ate, which  ia,  comparatively  speakinj;,  readily  aolnble  in  carbonic- 
acid  water,  the  donble  (and  simple)  silicate,  humate,  and  phosphate, 
and  possibly  even  the  double  phosphate  of  magnesia  and  ammonia. 


CHAPTER    IX. 
LIHE  AND  LIHE   COMPOUNDS. 

Tax  theory  of  the  use  of  lime  as  a  manure  is  a  snbject  full  of 
interest  and  importance,  as  well  as  of  doubt  and  apparent  contra- 
diction. In  some  regions,  the  fanners  are  seen  to  apply  lime  to  the 
land  wellnigb  nniversally,  and  in  such  quantities,  indued,  that  at 
certain  seasons  of  the  year  the  whole  surface  of  the  country  ia  made 
white  with  it ;  while  in  other  places,  as  in  the  vicinity  of  Boston, 
for  example,  it  is  easy  to  perceive  that  lime  ia  held  in  small  esteem 
by  practical  men. 

It  ia  hard  to  say  positively  why  opinions  should  differ  so  widely, 
or  to  discover  all  the  reasons  which  have  determineil  the  observed 
variations  of  practice.  In  one  word,  the  subject  of  liming  land  ia 
not  yet  thoroughly  understood  in  all  its  bearings.  It  is  not  un- 
likely, however,  that  the  mystery  might  even  now  be  explained  in 
good  part,  if  not  wholly,  if  some  competent  person  would  take 
the  time  and  trouble  to  observe  the  facts  in  several  localities,  and 
to  study  the  history  of  this  particular  branch  of  agriculture  in 
the  light  of  modem  science.  At  all  events,  the  problem  could 
doubtless  be  solved  if  the  results  of  the  old  experience  were  once 
thoronghly  sifted,  and  properly  set  forth  and  formulated  so  that 
experiments  could  be  devised  nndeistandingly,  by  which  to  aetUe 
the  obscure  points. 
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As  mstteTS  ftctnall;  sUnd,  the  student  in  met  at  the  threshold  of 
the  inquiry  by  so  many  diffurent  stat«raent8,  su  many  pussibilities 
and  probabilities,  that  the  subject  is  made  to  seem  leas  clear  thaa 
it  really  is.  As  has  heea  said,  the  contrasts  between  the  cnrrent 
methods  and  piacticee  of  farmers  in  respect  to  the  use  of  lime  ara 
very  remarkable.  Why  is  it,  for  example,  that  so  little  lime  is  used 
in  Eastern  Massachusetts  1  and  why  is  it  that  such  enormous  quan- 
tities of  it  are  used  in  other  districts,  such,  for  example,  as  some 
parts  of  Pennsylvania,  of  Fiauce,  and  of  Germany,  which  have 
&11en  under  ray  own  observation  1  At  New  York,  Brooklyn,  anil 
Kew  Haven  the  gas  companies  are  said  to  sell  their  spent  lime  for 
almost  M  madi  as  the  fresh  lime  cost  them,  but  in  Boston  no  one 
will  take  the  spent  gas-lime  as  a  gift. 

Indifference  towards  lime,  or  objection  to  it,  is  by  no  means 
peculiar  to  this  particular  locality.  It  is  notorious  that  in  some 
parts  of  the  world  landlords  have  often  absolutely  forbidden  their 
tenants  by  contract  from  tiHing  lime,  and  the  employment  of  it  in 
agriculture  at  the  present  day  cannot  in  any  sense  be  regarded  as 
a  general  practice. 

Another  striking  diversity  is  seen  in  the  fact  that  most  Gerroaa 
.writers  claim  that  lime  gives  its  best  results  on  heavy  land,  while 
the  French  often  urge  that  the  proper  place  to  apply  lime  is  tipon 
light  open  soils.  The  impartial  reader  is  in  either  case  naturally 
inclined  to  believe  positive  affirmative  statements  such  as  these ; 
and  it  is  not  easy  to  escape  the  conviction,  that  in  both  countries 
the  customs  have  resulted  from  practical  experience,  and  that  ia 
general  the  farmers  are  justified  in  their  practices, 
MattTier  of  applying  Lime, 

The  favorite  way  of  applying  quicklime  is  to  bniy  it  in  little 
holes  in  the  moist  earth  of  the  field,  or  to  make  little  heaps  of  lime 
npon  the  sorface  of  the  land  and  cover  them  with  earth.  In  either 
event  the  lime  soon  slakes  and  falls  to  a  fine  dry  powder  which  is 
then  spread  upon  the  surface  of  the  land.  In  a  dry  time  the  heaps 
of  lime  would  need  to  bo  moistened  with  water,  but  ususlly  the 
dampness  of  the  soil  is  all-sufficient.  On  stiff  land  from  4  to  6  tons 
of  quicklime  are  applied  to  the  acre,  eooieUmes  even  12  tons. 

A  Scotch  writer  has  recently  described  his  practice  as  follows. 
Plough  oat  stubble  as  soon  as  convenient  after  removal  of  the  crop. 
Next  spring  harrow  across  the  furrows,  as  soon  as  may  be  practica- 
ble, to  smooth  the  land ;  lay  out  the  qnieUime  in  het^  six  yards 
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apart,  and  cover  the  faeape  immediately  with  the  veiy  damp  soiL 
In  24  hours'  time  the  lime  will  have  fiillen  to  fine  powder,  wliich 
most  be  spread  speedily  to  avoid  the  risk  of  laiu.  Finally,  hairow 
in  the  lime  with  a  heavy  harrow.  Taniips  ais  found  to  succeed 
well  after  this  treatment,  and  to  be  comparatively  free  from  the 
finger-and-toe  disease. 

Sometimes  the  lime  is  applied  to  gioss'land,  commonly  when 
the  grass  is  yonng,  or  to  young  clover,  care  being  taken  to  have  the 
material  thoroughly  slaked  to  a  fine  dry  powder,  and  to  spread  it 

Mode*  of  Aetion  of  Lime. 

Looking  at  the  question  of  the  use  of  lime  from  the  theoretical 
point  of  view,  It  is  plain  that  a  certain  proportion  of  lime  is  neces- 
sary to  the  plant  Lime  is  a  substance  that  can  no  more  be  spamd 
than  potash,  or  magnesia,  or  than  phosphoric  or  sulphuric  acids. 
Some  of  it  must  be  present  in  the  soil,  or  no  crop  can  grow.  But, 
in  so  far  as  the  immediate  requirements  of  plants  in  this  sense  an 
cnnoemed,  a  few  pounds  of  any  lime  compound  to  the  acre  would 
satisfy  them,  and  there  is  already  enough,  and  more  than  enough, 
lime  in  almost  every  cultivable  soiL 

Limt  ii  Abundattt, 

Indeed,  lime  is  one  of  the  most  abundant  of  snbstanoee.  It  has 
been  estimated  that  not  less  thsu  one  sixth  of  all  the  rocks  on  tfae 
snrface  of  the  globe  are  limestones,  and  that  the  metal  calcinra 
forms  as  much  as  one  sixteenth  of  the  solid  crust  of  the  earth.  Vast 
tracts  of  country  are  composed  almost  entirely  of  limestone,  and 
there  are  wide  ranges  of  soil  that  is  wellnigh  wholly  calcareous. 
There  are  great  bods  of  gypsnm  also  here  and  there,  and  ecarcely  a 
rook  can  be  found  that  does  not  contain  lime  as  an  essential  ingre- 
dient. All  the  ordinary  granitic  rocks  contain  calciferons  silicaten. 
In  the  older  part  of  Boston,  the  very  waters  of  the  wells  are  "hard," 
becanee  they  are  charged  with  gypsnm;  and  in  many  localities, 
where  limestone  abounds,  all  the  watere  are  hard,  &om  the  presence 
in  them  of  bicarbonate  of  lime. 

It  may  often  happen,  no  doubt,  in  sandy  regions,  and  in  soils 
which  have  resulted  from  the  decomposition  of  certain  sandstoDes, 
slatee,  and  other  rocks  poor  in  lime,  that  neither  the  soil  itself,  nor 
the  water  which  percolates  through  it,  contains  enough  lime  to  serve 
OS  nourishment  for  plants  ;  but  in  almost  every  such  instance  there 
is  a  still  greater  deficiency  of  other  fertilizing  materials,  such  as 
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phoBphoiio  acid  and  potash,  than  of  lime,  and  the  osb,  nut  of  linie^ 
but  of  Home  geneial  manure,  like  that  from  the  £uiayanl,  wilt  be 
iadicated.  In  any  event,  if  it  were  wished  to  give  sach  a  soil  lime, 
it  woold  likely  enough  be  better  to  apply  plaatar  of  Paria,  or  bone- 
meal,  or  BUperphosphate,  or  some  oompuet  made  with  lime^  rather 
than  mere  qoicklime. 

Ineonu  taui  Oittgo  of  Lime, 

This  point  can  be  readily  tlluatratad  by  contiaeting  the  amount 
of  lime  in  ordinary  soils,  or  even  iu  the  poorest  Boila,  with  the 
quantities  of  hme  that  are  taken  off  in  crops.  It  will  be  seen  at 
once  that  cultivated  soils  commonly  contain  a  great  superabundance 
of  lime  over  and  above  all  that  can ,  possiUy  be  needed  for  the  mere 
purpose  of  feeding  phints.  Thus,  if  it  be  asaumed  that  an  acre  of 
land  taken  to  the  deptJi  of  one  foot  weighs  3^60,000  lb.,  and  that 
the  soil  contains  no  more  than  one  tenth  of  one  per  cent  of  lime, 
which,  as  the  records  of  soil  analyses  show,  is  an  extremely  low 
estimate,  there  will  still  be  no  lees  thou  3,250  lb.  of  lime  to  the 
acre.     But  in  a  crop  of 

18  bnthals  of  whMt  uid  3,000  lb.  of  «tnw  then  are  only  some  0  or  7  lb.  of 

]2ba8heUofpeasindl,2001b.  orstnir,  28  or  2»  lb.  of  Urns. 
120bnshsUof  potatonindS.OOOlb.  of  tojii,  20  lb.  ofUme. 
875  biuheU  of  mangolds  Mid  S.OOO  lb.  of  topa,  25  to  28  lb.  of  line. 
In  6,0001b.  oT  cloTir  bky  ibcro  ira  100  lb.  of  lime. 
Moreover,  wherever  farrayatd  mannre  is  nsed,  quantities  of  lime 
as  considerable  as  those  taken  off  in  crops  are  commonly  returned 
to  the  land,  and  in  most  commercial  fertilizers  also  there  is  more 
or  less  of  it.    Voelcknr's  analysis  of  six  months'  rotted  farmyard  ma- 
nure shows  2%  of  lime ;  that  is  to  say,  a  single  cord  of  such  mannre, 
even  if  it  weighed  no  more  than  three  tons,  vould  carry  to  the  land 
120  lb.  of  lime.     100  lb.  of  j^imno  contain  some  10  lb.  of  lime; 
100  lb,  of  bone-meal,  about  27  lb. ;  200  lb.  of  plaster,  more  tlian 
60  lb. ;  and  so  on. 

From  all  of  which  it  appears  that  lime  cannot  be  accounted  a 
fertilizer  of  direct  action.  Consequently,  iu  seeking  to  explain  the 
benefitfl  derived  ttom  lime,  special  attentiou  must  be  given  to  the 
phyncal  and  chemical  actions  of  this  substance  upon  the  soil  itself, 
and  upon  various  constituenta  in  the  soil. 

Limiiuj  often  impmvet  TiUh, 

There  is  no  question,  either  that  lime  may,  or  that  it  does  actually, 

exert  a  very  powerful  infiuenoe  to  alter  the  mechanical  condition  or 
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texture  of  soils  to  which  it  ia  applied.  Sometimes  this  alteiation 
must  be  beneficutl,  aud  at  other  times  deMmental ;  and  this  cir- 
cumstance is  of  itself  sufiicieDt  to  explaiD  why  lime  is  esteemed  in 
soma  districts  aud  not  in  others. 

A  veiy  little  attention  to  tha  way  in  which  lime  acts  in  moitar 
will  make  thia  assumption  dear.  If  a  thick,  smooth  paste  of 
slaked  lime  and  water  be  spread  thinly  upon  the  suriaca  of  a 
stone,  or  upon  a  piece  of  wood,  and  left  to  drjr  there,  it  will  be 
found  that  the  film  of  dried  lime  adheres  to  the  smooth  surface 
with  great  t«nacity ;  and  since  in  the  prooesa  of  drying  a,  good  part 
of  the  lime  has  changed  to  the  state  of  a  carbonate,  it  cannot  readily 
be  washed  away  even.  A  familiar  example  of  this  adhesion  is  seen 
in  ordinary  whitewashing. 

It  ia  esaentiiil  to  the  success  of  this  experiment  that  the  layer  of 
lime  shonld  be  thin;  otherwise,  it  might  crumble  upon  itself  in 
drying.  In  case  the  paste  be  spread  upon  a  porous  solid,  such  as  a 
brick,  for  example,  instead  of  the  wood  or  stone,  it  will  be  noticed 
that  the  lime  adheres  to  it  still  more  strongly  than  to  the  smooth 
surface,  since  some  part  of  the  layer  has  struck  root,  as  it  were,  in 
the  pores;  and  in  case  dry  loam  were  taken  iustead  of  the  brick, 
the  adherence  would  doubtless  be  still  stronger. 

Now  mortar  ia  nothing  more  than  a  liine  paste,  into  which  so 
many  little  stonos  (grains  of  sand,  that  is  to  say)  have  been  pnt 
that  no  more  than  a  thin  layer  of  lime  shall  be  in  contact  with  each 
one  of  these  stouea.  But  when  a  field  is  dressed  with  lime,  the 
lime  paste  formed  by  the  union  of  the  lime  with  water  must  ad- 
here to  the  particles  of  soil  in  a  manner  analogous  to  that  now  in 
question,  and  the  physical  character  of  the  soil  must  be  very  much 
altered  by  this  adherence.  The  power  of  the  soil  to  lift  water  by 
capillary  action  will  be  changed,  and  in  some  cases  it  will  be  vet; 
much  improved,  while  in  other  cases  it  will  he  diminished. 

In  the  North  of  Scotland  it  has  not  infrequently  bappened  that 
peaty  and  moorland  soils,  which  are  naturally  light,  have  been 
"  overlimed,"  as  the  term  is ;  one  symptom  of  the  affection  being 
that  the  land  becomes  too  loose  and  open,  so  that  it  sinks  under 
the  foot  and  affords  no  proper  support  for  the  roots  of  grain  plants. 
The  inference  is,  that  the  texture  of  the  soil  has  been  hurt,  so  thst 
it  is  no  longer  in  a  good  capillary  condition,  and  cannot  bring  water 
to  the  surface  readily  from  below. 

The  geological  formation  called  Loess,  first  by  the  Gennans,  but 
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nowaddya  by  evetybody,  afiurda  a  Btupendoos  esaniple  of  the  blad- 
iug  power  of  lime.  Tliia  extraordimir;  fumutiou  ooven  several 
Lundred  thousand  square  miles  in  Nortbera  Gliioa,  and  larger  areas 
in  otber  puts  of  Asia.  It  covers  an  immense  area  in  our  owii 
Western  country.  In  China  it  is  aometiniiH  2,000  feet  thick,  and 
in  Earopa  and  America  it  id  sometimes  150  to  200  feet  tiiick. 
Now  this  loess  is  a  oalcareoos  loam,  which  is  easily  crushed  in  the 
liand  to  an  almost  impalpable  powder,  and  yet  its  consistency  is 
such  that  it  will  support  itself  for  yeara  in  vertical  clitTa  200  feet 
high.  On  cluse  examinatiun,  it  ia  found  to  be  filled  with  minute 
tubular  pores,  which  branch  downward  like  rootlets,  and  these 
pores  are  lined  with  carbonate  of  lime.  It  ia  to  these  tubes  tliat 
the  loess  owes  its  consistency  and  its  vertiml  iiitemal  structure.  lu 
China,  iu  particular,  the  loeae  districts  are  extremely  fertile  plains. 
They  constitute  the  grain  regions  of  Northern  China,  which  have 
been  cultivated  for  more  than  4,000  years,  apparently  with  very 
little  manure.  The  porosity  of  the  soil  permits  the  elevation  of 
nutritive  mattera  from  a  very  great  depth,  whenever  a  rain  bets 
estahlidied  a  mui^t  communication  with  the  ground-water.  • 
floeculalion  by  Lime. 

Another  kind  of  mechanical  action,  even  more  important  than 
the  foreKoiiiK'  <a  found  in  the  power  of  lime  to  cause  the  ooalescenoe, 
or  Bo«a]led  "  flocculation,"  of  the  finest  particles  of  anils  into  coarser 
granules.  It  was  observed  some  yean  ago  by  F.  Schulze,  that 
muddy  liquids  can  reailily  be  made  clear  by  adding  to  them  liwe- 
vatOT  and  certain  other  chemical  agents.  He  noticed,  in  particular, 
that  extremely  niiiiiite  particles  of  day,  such  aa  will  never  settle 
from  a  mnd-puddle,  will,  on  the  addition  of  small  quantities  of 
lime,  or  of  lime  compounds,  speedily  flocculate  or  coagulate  into 
larfter  aggivgations  which  soon  settle  out  ami  leave  the  water  clear. 
The  sediment  thus  obtained  is  of  much  looser,  ligliter  character 
than  clay  or  mud  which  has  aettled  by  itself,  and  this  looseness  of 
texture  or  friability  persists  when  the  sediment  is  dried. 

This  observation  has  lieen  repeated  by  Schloeeiug  and  by  Hil- 
gard,  and  it  is  now  well  known  that  lime  boa  a  very  remarkable 
power  to  act  in  this  way  upon  all  extremely  fine  particles  of  matter, 
and  thus  to  improve  the  texture  of  clays  and  ailts  and  fine  loams, 
such  as  would  natunlly  be  too  muddy  or  cohesive. 

It  hsit  often  been  noticed  by  experimenters,  that,  on  Reeking  to 
wash  oat  ttom  soilB  the  soluble  mattera  that  are  contaiaed  in  them, 
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the  fint  portions  of  wash-water  flow  off  dear  enough,  bat  that  the 
Bucceeding  portioua  ore  cloudy  fruta  the  preaeace  of  suHpeoded  mat- 
ters, notably  minute  particles  of  clay.  On  encoimtenii};  this  diffi- 
culty Scbloesing  found  that  he  could  overcome  it,  at  least  for  the 
soil  he  had  in  hand,  by  paaaiug  a  current  of  carbonic-acid  gas 
through  the  soil  while  he  was  washing  it ;  and  he  concluded  that 
the  formation  of  bicarbonate  of  lime,  by  this  device,  was  the  cause 
of  the  filtrates  remaining  clear.  Hence  his  trials  of  other  lime  Baits, 
and  of  various  saline  solutions.  Ho  fouud  that,  while  i^uicklime 
and  the  various  salts  of  lima  were  the  most  efficient  precipitants, 
magnesium  aalte  were  nearly  as  effective,  but  that  potassium  salts 
were  weaker,  and  salts  of  sodium  and  of  ammonium  weaker  atilL 
Acids,  such  aa  sulphuric,  nitric,  and  chlorhydric,  have  the  power  of 
coagulating  clay  liquor ;  but  alkalies  have  not,  at  least  not  when 
they  are  dilute.  Unless  the  solution  of  alkali  be  concentrated,  it 
will  not  precipitate  day  liquor,  but  will  favor  the  retention  of  the 
clay  in  suspension.  Ko  matter  what  the  precipitant,  as  soon  aa 
the  coagulated  day  has  been  freed  from  the  substance  that  threw  it 
down,  it  regains  its  power  of  renisiniug  suspended  in  water,  and 
it  can  again  he  precipitated  therefrom  on  adding  lime. 

In  some  special  instances  Schloesing  found  that  2  parts  of  limp, 
in  the  form  of  chloride,  nitrute,  or  sulphate  of  calcium,  immediately 
caused  flocculation  in  10,000  parts  of  a  turbid  liquor  that  contained 
a  good  deal  of  clay  ;  and  that  fiocculation  was  still  perceptible  when 
the  proportion  of  lime  was  only  1  part  to  10,000  of  the  liquid,  but 
^  a  part  seemed  to  have  no  effect  on  the  special  liquor  in  question, 
not  even  in  the  course  of  six  weeks. 

PuddUd  and   Granvlaud  SoiU. 

As  was  explained  under  the  head  of  Tillage,  tlieie  are  certain 
proceasee  in  the  arts  where  the  object  is  to  make  particles  of  clay 
or  earth  as  fine  and  adhesive  as  possible,  as  in  the  processes  of 
tamping,  puddling,  and  kneading.  But  in  agricultui«  it  oRen 
liappens  that  it  is  desiiable  to  do  away  with  tho  tamped,  puddled, 
adhesive  condition  into  which  soils  aie  apt  to  fall,  and  lime  is  one 
prime  agent  for  effecting  this  result. 

The  importance  of  lime  in  this  re^mrd  may  be  shown  by  a  rather 
striking  experiment  of  Professor  Hilganl's,  ns  follows.  "  Let  any 
clay  or  tough  clay  soil,"  he  tells  us,  "  be  worked  into  a  plastic  mass 
with  water  and  then  dried ;  the  result  will  be  a  mass  of  almost 
stony  hardness.     But  add  to  some  of  the  same  jtaste  half  a  jter  cent 
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ctf  caustic  lime  Mid  a  diminatian  of  plasticity  will  be  obvious  at 
onc«,  even  ia  the  wet  conditiou  ;  aiid,  on  drj'ing,  the  mass  will  fait 
into  a  pile  of  crumbs  at  a  meie  toucli."  Tliiis  it  is  that  by  liming 
clay  soils  tbey  may  be  made  "  warmer,"  "  mellower,"  and  of  better 
tilth. 

Scbloesing  fonnd  that  lime-water  was  more  effective  than  any 
other  calcium  compound  for  coagulating  mud-puddle  liquor,  L  e. 
clay  water;  and  both  he  and  Uilgard  find  that  no  other  chemicals 
are  ao  powerful  in  this  respect  as  the  lime  compounds.  Hilgard 
made  carbonio-ocid  gas  bubble  tlirough  a  magma  of  limed  cLiy  fur 
24  hours  to  destroy  the  causticity  of  the  lime,  but  the  plasticity  of 
the  clay  was  not  restored,  not  even  after  the  mass  had  dried,  for  in 
this  case  nothing  was  done  to  break  down  the  flocks. 

Once  get  the  fiue  particles  granulated,  no  matter  by  what  means, 
and  thoy  wiil  stay  so  until  they  are  subjected  to  kneading,  tamping, 
puddling,  or  washiug.  This  result  agrees  witli  practical  exi>erience. 
On  soma  kinds  of  soils  farmers  find  tbut  the  "lightening"  effect 
of  a  liming  lasts  for  years,  and  is  never  entirely  lost.  So  too,  it 
id  known  that  marling  pitxluces  similar  lightening  effects  to  hme, 
thougli  the  action  of  the  marl  is,  naturally  enough,  weaker  than 
tliat  of  the  lime.  The  Influence  of  the  marl  will  depend  on  that 
of  bicarbonate  of  lime  formed  by  the  solvent  action  of  the  car- 
boiiio-acid  water  in  the  soil  upon  the  carlwnate  of  lime  in  the  marl. 
Whereas,  in  cose  land  is  limed,  it  ia  to  be  remembered  that,  since 
caustic  lime  itself  ia  somewhat  soluble  in  water,  the  solution  of  it 
(lime-water)  will  soak  into  the  soil  in  all  directions  around  each 
Itarticle  of  solid  lime,  and  so  extend  the  limit  of  its  influence. 
Importance  of  lAme  on  Clctjfi, 

The  improvement  of  the  texture  of  clayey  soils  that  results  fhim 
the  nee  of  lime,  and  of  lime  carbonate,  is  a  practical  fact  of  the  very 
firat  importance.  The  benefits  derivable  from  such  amelioration 
may  readily  be  conceived  on  coiisidenng  how  difficult  it  is,  gener- 
ally speaking,  to  cidtivatc  clays,  and  how  much  trouble  has  to  bo 
taken  in  order  that  trees  may  be  made  to  grow  on  clays  that  are 
somewhat  refractory,  Mr.  Emerson,  in  his  "  Report  on  the  Trees 
and  Shrubs  of  Massachusetts,"  has  remarked  that  "  the  northern 
and  southern  sides  of  Boston  are  not  essentially  unlike  in  their 
natural  featmea ;  yet  the  hills  of  Brookline  and  Roxbury,  capped 
with  hickory,  and  whose  sides  are  clothed  with  oaks  and  pines, 
give  the  impression  of  a  rich  and  hap)>y  country,  of  which  only 
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pleaaaot  memoriea  are  caniad  awajr,  while  the  bare  hills  of  Cliekea 
suggest  imagea  of  bleak  and  barreu  desolation."  This  statemeut 
may  be  emphaaized  by  adding,  that  the  bare  Chelsea  hills,  like  thcne 
of  the  neighborinjj  bare  islands  in  Buaton  Harbor,  are  composed  of 
stiff,  unfriendly,  glacial  cluy ;  which,  though  easily  "cleared  "by 
tlie  Krst  "  planters,"  aud  still  esteemed  to  be  good  land  for  gnua,  ia 
not  well  suited  for  the  growth  of  young  treee.  The  wooded  heights 
uf  Roxbury  and  Brookliue,  un  the  coutcary,  are  for  the  moat  part 
gravelly  or  rooky. 

Prof.  J.  D.  Whitney  has  insisted  once  and  again  that  the  eztnme 
fineness  of  many  prairie  soils  at  the  West  ia  the  chief  reaaoD  why 
these  piairies  wero  bare  of  trees  when  first  discovered. 

Wicke,  in  publishing  analyses  of  several  very  findy  divided 
clayey  ailta  from  the  Oldenburg  marshes,  which,  though  of  excellent 
chemical  composition,  are  notoriously  infertile,  —  so  mnch  so,  in- 
deed, that  the  farmers  when  ploughing  take  particular  care  not  to 
turn  tliem  np  from  the  subsoil,  —  admits  bis  inability  to  explain  their 
barrenness,  unless  it  depends  on  the  fineness  of  their  particles,  and 
tlieir  consequent  plasticity  and  liability  to  form  stone-like  clods  in 
drying.  Some  of  these  soils  have  been  improved  by  dressing  tbem 
with  gravel,  and  others  by  means  of  lime  and  by  marl. 

I  have  myself  observed,  in  pot  experiments,  on  atteropting  to 
grow  plants  in  pipe^Jay  admixed  with  sand,  that  the  fine  particles 
of  the  clay  seemed  actually  to  clog  the  pores  of  the  plant  roota,  and 
prevent  their  development.  (See  Bulletin  of  the  fiusaey  Institution, 
1884,  II.  309.) 

Lime  may  cnmhine  with  SUieate*. 

It  may  be  said  farther  of  lime,  tliat  it  can  act  by  uniting  with 
the  hydrous  silicates  in  the  soil  so  as  gradually  to  expel  from  them 
potash,  ammonia,  or  magnesia  for  the  use  of  crops.  Heiden  faaa 
shown  by  experiments  that  the  fact  is  as  here  stated.  Bat  ex- 
[lerinients  have  also  shown  tliat  gypsum  cau  serve  this  purpoee 
better  than  mere  lime. 

Lime  and  ffumui. 

Caustic  lime  may  hasten  the  decomposition  of  organic  matter  in 
the  soil,  and,  as  has  been  said  before,  it  may  serve  to  decompose 
the  inert  nitrogen  compounds  of  humus.  This  effect  is  probably 
one  of  the  most  important  of  those  produced  by  lime.  Townsend 
i)as  mentionei]  the  case  of  a  Welch  farmer,  whose  land  had  been  a 
bog  before  it  was  drained,  and  consisted  priiicipnlly  of  dark -colored 
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vegetable  inonld  mnoh  of  which  was  actoal  peat^  who  foand  lime 
to  be  a  most  excellent  manure.  He  was  accustomed  to  put  must  of 
hia  stable  manure  upon  mowing-fielda,  and  to  use  only  lime  for 
wheat,  and  in  this  way  tie  obtained  most  abundant  crops.  He  had 
two  lime-kilns  constantly  burning  for  his  own  lue.  Townsend  re- 
marks, that  "  on  this  land  1  have  counted  60  giaios  [of  wheat]  to 
au  ear,  not  picked  and  culled  out  of  many  others  as  being  longer 

than  the  rest,  but  taken  by  handfula  at  random On  this 

Iftnd,  lime  as  a  dressing  was  particularly  apt,  because,  as  we  know, 
it  hastens  the  putrefactive  process,  and  promotes  the  dissoluttOQ 
of  TBgetable  substances,  converting  them  quickly  into  vegetable 
mould," 

Many  writers  have  nrged  that  lime,  or  rather  lime  carbonate, 
does  good  by  promoting  the  formation  of  nitrates  from  nitrogenized 
organic  matter,  or  from  ammonia,  vithin  the  soil ;  and  recent  ex- 
periments have  shown  that,  as  r^ards  the  carbonate  at  least,  this 
Tiew  is  correct.  From  a  very  early  period,  indeed,  carbonate  of 
lime  has  been  considered  to  be  an  essential  adjunct  to  the  porons 
earth  of  saltpetre  plantations,  and  it  has  long  been  known  that 
nitrates  are  specially  apt  to  form  in  limestone  caves  and  upon  walla 
plastered  with  lime.  And,  latterly,  Warington  has  shown  by  ez- 
peiiraentfl  that  the  nitrifying  ferment  prospers  exceedingly  in 
presence  of  an  excess  of  carbonate  of  lime,  and  indeed  will  hardly 
do  good  work  without  a  supply  of  the  carbonate. 

Liming  dtttroyt  Iiueett,   Womu,  and  FunyL 

But  while  carbonate  of  lime  is  helpful  for  nitrification,  lime  proper, 
i.  e.  slaked  lime,  is  regarded  as  a  cure  for  some  hurtful  fungi  The 
liming  of  seed-grain  to  destroy  the  fungus  which  causes  "  rust "  or 
"  smut "  baa  long  been  luual.  The  use  of  lime  upon  turnips,  as  a 
check  to  the  finger-and-toe  disease,  has  already  been  mentioned ; 
and  I  can  myself  bear  witness  that  I  have  grown  exceptionally  fair 
and  smooth  rutabagas  daring  three  ooiisecutive  years  upon  limed 
land  at  the  Bussey  Institution,  though  no  former  in  the  vicinity 
wonld  venture  to  try  to  grow  turnips  year  after  year  on  the  same 
land,  because  of  their  liability  to  the  disease  called  "  club  foot." 

Professor  Voelcker  has  stated  the  matter  as  follows  :  "  Every 
[British]  fnrmer  knows  how  essential  lime  is  for  the  healthy  growth 
of  every  kind  of  produce.  On  soils  destitute  of  lime,  most  crops, 
and  especially  green  crops,  are  sul^ect  to  disease,  snd  '  root-crops ' 
are  iqit  to  fail  altogether  on  such  land,  even  if  it  has  been  liberally 
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manured  with  duDg  or  guano.  Up  to  a  certain  stage,  grain  and 
roots  grown  under  such  couUitions  appear  to  thrive  wdl,  but  as  the 
season  advances  they  sustaiu  a  check,  and  at  harreatr-time  yield  a 
miserable  return.  The  cure  for  such  iailures,  which  are  not  un- 
common where  poor  sandy  soils  prevail,  is  a  good  dose  of  lime  or 
marl,  and  then,  and  only  then,  dung  or  guano  may  be  applied  to 
the  greatest  advantage.  The  most  liberal  application  of  farmyard 
manure  of  the  best  quality  never  produces  so  beneficial  and  lasting 
an  effect  on  poor  sandy  soils,  as  when  they  have  been  previously 
well  marled  or  limed." 

It  is  not  improbable  is  snch  cases  that  some  part  of  the  good 
dona  by  the  lime  may  be  due  to  the  destruction  of  insects  and 
their  lame,  as  well  as  earth-worms  and  worms  of  other  kinds,  and 
fnngi  of  various  sorts.  Indeed,  lime-water,  time,  and  mixtures  of 
lime  and  salt  (or,  better  yet,  of  lime  and  muriate  of  potash  1)  are 
often  purposely  used  by  gardeners  for  destroying  sings  and  worms ; 
and  there  are  good  reasons  for  believing  that  lime  might  often  be 
applied  to  the  soil  with  advantage  iu  fanning  practice  also,  on  this 
account. 

It  must  always  be  borne  in  mind,  that  alalced  lime  is  appreciably 
soluble  in  water,  and  although  this  "lime-water"  cannot  be  sup- 
posed to  continue  to  exist  very  long  in  the  soil  after  its  formation, 
in  view  of  the  large  quantities  of  carbonic  acid  which  the  pores  of 
the  soil  contain,  the  liquid  is  still  so  destructive  to  animal  life  that 
there  is  good  reason  to  believe  that,  while  it  does  last,  its  action  in 
this  way  may  often  be  of  considerable  importance. 
Liming  eorreets  Addity. 

Liming  is  reputed  to  be  excellent  for  correcting  the  acidity  of 
sour  land,  and  the  idea  is  probable  in  itself,  especially  as  regards 
situations  where  the  lime  ia  so  used  that  it  shall  neutralize  any  lai^ 
excess  of  free  humic  acid. 

Cultivated  soils,  though  sometimes  neutral  to  test  papers,  as  a 
rule  exhibit  a  faint  acid  reaction ;  and  experience  with  water  culture 
has  shown  that  slightly  acid  solutions  are  favorable  for  the  growth 
of  plants.  But  any  excess  of  soluble  acids  iu  the  soil  would  be 
highly  detrimantaL  The  acid  would  injure  the  pUnts  directly,  an<I 
destroy  the  microdemes  which  regulate  the  fermentation  of  humns, 
as  well  as  dissolve  out  iron  compounds  to  poison  both  microdemes 
and  crops.  Such  acidity  may  readily  be  corrected  by  lime,  and  the 
good  effects  of  lime  upon  sour  meadows  in  particular  may  justly  be 
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credited  to  neutralization  of  their  acidity.  One  noticeable  eRect  of 
lime  in  such  cases  is  the  destruction  of  plants  that  thrive  iu  boge ; 
the  inference  being  that  the  lime  haa  neutralized  the  chemical  sub- 
stAncea  wliich  such  plants  can,  and  English  grasses  cannot,  su])puit, 
«nd  has  so  given  the  latter  opportunity  to  grow. 

Liming  decompotn  Organic  Mattrr. 

The  use  of  lime  to  neutralize  sour  humus  has  been  dwelt  apon 
already  under  the  head  of  Composts,  and  su  has  its  power  of  pro- 
moting fermentation.  Like  the  other  caustic  alkalies,  it  acta  to  ex- 
cite the  fermentation  of  organic  matters,  both  in  the  compost  hvap 
and  in  the  soiL  Apparently  one  cause  of  the  fermentation  is  the 
rapid  disorganization  of  the  vegetable  matter  by  the  strong  alkalies ; 
ttuit  is  to  say,  the  lime  or  other  strong  alkali  acts  cliemically  in  the 
first  instance  upon  the  vegetable  matter,  and  ntjitea  with  some  por- 
tion of  it ;  but  the  remainder  is  thus  left  in  a  disorganized  condition, 
and  so  made  subject  to  the  ordinary  processes  of  decay  and  putre- 
fection,  and  these  proceasea  in  their  turn  are  known  to  prosper  par- 
ticularly in  situations  which  are  elightly  alkaline. 

Manifestly,  the  foregoing  remark,  if  true  of  the  conipoet  heAp, 
will  be  true  also  in  some  degree  of  any  aoil  containing  organic 
matter  to  which  caustic  lime  is  applied.  To  this  cause  are  usually 
attributed  the  excellent  effecta  produced  by  lime  after  green  manur- 
ings  iu  many  localities,  and  when  applied  to  new  laud,  where  the 
sod  has  recently  been  turned  under,  or  to  land  so  foul  with  weeds 
that  a  sort  of  green  manuring  is  obtainable  by  ploughing  it.  It  is 
perhaps  this  tendency  to  destroy  organic  matter  which  makee  the  too 
freqnent  use  of  lime  pernicious.  To  it  is  probably  due  in  part  the 
old-world  proverb,  "  Lime  enriches  the  father,  but  beggars  the  son." 

It  must  always  be  remembered,  however,  that,  when  the  use  of 
lime  firet  became  general  in  Europe,  the  formers  were  prone  to  be- 
lieve that  it  conid  be  employed  as  a  substitute  for  stable  manure. 
Hence  a  tendency  to  ahnae  in  naing  it.  No  doubt  mnny  a  field  has 
been  reduced  to  the  verge  of  aterility  by  applying  lime  nntil  the 
entire  store  of  available  nitrogen  and  phosphoric  acid  and  potaah 
had  been  used  np.  All  the  evidence  teaches  that  lime  la  no  aubF^ti- 
tute  for  manure ;  it  is  a  mere  addition  or  reinforcement  which  may 
occasionally  be  employed  with  advantage. 

Tears  ago,  when  lime  was  the  only  commercial  fertiliwr  accessible 
to  the  farmer  in  the  interior  of  Europe,  ha  thought  himself  com- 
pelled to  use  it  at  every  pinch ;  but  now  that  many  other  kinds  of 


jbvGooglc 


150  AGE1CUI.TCRE. 

fertilizers  can  lie  bought,  the  tendency  to  use  lime  injudiciously  has 
been  greatly  lessened. 

The  corrosive  power  of  lime  explains  the  danger  of  allowing 
seeds  or  young  plants  to  come  in  contact  with  too  much  lime. 
Davy  found  long  ago  that  it  was  an  easy  matter  to  kill  grass  by 
watering  it  with  lime-water. 

Lime  may  dtoompoit  MineraU, 

Another  corrosive  action  of  lime  is  seen  in  its  power  to  hasten 
the  disintegmtioD  of  refractory  silicates.  Such  actiiin  as  this  wduM 
usually  be  brought  about  much  mure  readily  by  caustic  lime  than 
by  gypsum,  and  there  can  be  little  doubt  that  the  disiiitegnting 
action  of  lime  upon  feldspar  and  other  minerals  may  Boraetimes 
be  of  considerable  importani.'e.  It  has  been  reported,  indeed,  that 
applications  of  lime  have  often  been  found  to  be  specially  effica- 
cious on  such  clay  soils  as  contain  many  fngmente  of  broken  but 
still  undecomposed  feldspar. 

There  are  in  fact  many  kinds  of  clays  which  are  acted  upon  to  no 
incoiiBiderabie  extent  by  lime.  If  a  small  quantity  of  such  a  clay 
be  stirred  into  milk  of  liuie,  and  the  mixture  be  left  to  itself  for  a 
week  or  two,  it  will  be  found,  on  treating  the  mass  with  muriatic 
acid,  that  a  good  deal  of  the  clay  will  dissolve,  with  separation  of 
gelatinous  silica,  though,  as  is  well  known,  clay  by  itself  is  not 
much  acted  upon  by  muriatic  acid. 

In  the  case  now  in  question,  the  lime  and  clay  seem  to  unite  to 
form  a  small  quantity  of  a  hydrous  silicate  of  alumina  and  lime, 
Buch  as  has  been  so  often  spoken  of  as  useful  to  hold  potash  and 
ammonia  in  the  soil.  But  during  the  formation  of  this  compound, 
there  must  have  been  set  free  from  the  clay,  ot  loosened  u[i,  as  it 
were,  within  it,  whatever  of  potash  or  ammonia  the  decomposed 
portion  of  the  clay  may  have  contained. 

There  are  experiments  by  Stoeckhardt  which  show  that  caustic 
lime  attacks,  not  only  feldspar,  but  powdered  quartz  as  well,  and 
pure  precipitated  silidc  acid,  and  that  it  combines  with  the  silica 
so  as  to  form  a  hydrated  silicate  of  lime  which  is  easily  soluble  in 
acids.  It  is  known  withal,  from  the  examination  of  mortar  ftom 
old  buildings,  that  caostic  lime  does  slowly  act  apon  silicious  sand 
to  form  small  qnantiticA  of  a  hydrated  silicate  of  lime  readily  solu- 
ble in  acids.  The  same  easily  soluble  silicate  may  be  obtained 
directly  by  mixing  lime-water  with  recently  precipitated  silicio 
acid.    It  is  worth  noticing,  moreover,  that  Stoeckhardt's  expeii- 
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menta  were  made  upon  minerals  which  hoil  previoualy  been  leached 
wiiii  acid  and  with  water  nutil  everything  soluble  hod  been  removed 
from  them. 

Suientiiicallj  speaking,  it  would  be  possible,  on  the  plan  of  these 
experiments,  to  establish  compost  heaps  consisting  solely  of  lime 
and  clay,  with  the  idea  of  loosening  or  "unlocking"  some  of  the 
useful  conslitnents  of  the  clay.  But  it  can  hardly  be  supposed  thut 
the  idea  oould  ever  be  carried  out  with  profit  in  actual  practice. 

Another  point  to  be  remembered  is  the  fact,  which  has  been 
illustrated  repeated);  by  laboratory  experiments,  that  au  admixture 
of  lime  salts  or  even  of  carbonate  of  lime  with  a  soil  increases  the 
power  of  that  soil  to  absorb  and  fix  potash,  soda,  ammonia,  and 
the  like,  from  their  solutions. 

In  view  of  the  various  modes  of  action  of  lime,  as  abore  eet  forth, 
it  seems  possible  to  understand  that  both  the  French  and  the  Ger- 
man writere  may  be  correct  in  their  seemingly  conflicting  assertions ; 
y'a.  by  the  firat,  that  the  best  action  of  lime  is  sees  on  light,  and 
by  the  last,  on  heavy  land. 

It  is  certainly  true  that  lime  may  improve  heavy  clays  by  floccu- 
lating the  finer,  colloid  portions  of  the  clay,  and  so  making  the  soil 
less  pasty  and  sticky  than  it  is  naturally ;  and  it  is  probably  true 
also,  that  lime  oflen  does  some  good  on  such  soils  by  corroding  and 
disintegrating  their  constitnents.  On  the  other  hand,  lime  may 
do  good  on  some  light,  permeable  soils,  both  by  cementing  their 
particles  to  a  better  capillary  condition,  somewhat  na  mortar  might, 
and  perhaps  by  charging  the  land  vith  hydrous  silicates.  The  ac- 
tion of  lime  to  correct  sourness,  or  to  promote  decay,  may  be  more 
frequently  important,  perhaps,  on  heavy  lands  than  on  light;  while 
upon  light  soils  the  influence  of  the  lime  to  make  the  crops  healthy, 
or  even  finally  to  promote  nitrification,  may  be  of  more  importance 
than  it  is  on  heavy  soils. 

Qnidclime  tpeedily  ckanget  to  CarhotuUe  in  (A«  SoiL 

It  is  not  to  be  supposed  tliat,  in  the  field,  reactions  dne  to  tlie 
causticity  of  lime  can  go  on  for  any  very  long  period.  Not  only 
are  the  poies  of  the  soil  charged  with  carbonic  acid,  which  would 
soon  reduce  the  caustic  litue  to  the  condition  of  carbonate  of  lime, 
but  a  great  deal  of  carbonic  acid  is  produced  by  the  action  of  the 
lime  upon  the  organic  raattera  of  the  soil.  The  action  of  the  car- 
bonate of  lime,  when  formei),  will  not  differ  essentially  from  that  cf 
marl,  or  powdered  limestone,  such  as  will  be  described  directly. 
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It  is  said  to  be  a  &ct  of  practical  experience,  that  planU  regutate 
Homewhat  more  rapidly  in  good  aoil  that  haa  been  limed,  than  apoa 
tliat  which  has  received  no  lime ;  that  is  to  say,  it  is  held  that  the 
time  required  foe  the  crop  to  grow  and  ripen  is  somewhat  shorter 
upon  the  limed  land  than  upon  that  which  is  not  limed. 
Poor  Soils  are  unJU  /or  Liming. 

One  conclusion  to  which  the  foregoing  discussion  leads  is,  that 
lime  ia  not  a  thing  to  be  applied  to  really  poor  land.  It  can  hardly 
by  any  possibility  do  good  unless  the  soil  is  already  fairly  well 
charged  with  the  conetitueuta  of  plant-food.  Its  function  is  to  alter 
and  improve  matters  that  are  already  in  the  soil,  and  to  mabe  tliem 
more  easily  available  fur  cropa,  as  well  as  to  bring  the  soil  into  such 
condition  that  it  can  enable  added  fertilizers  to  be  put  to  better  use 
than  they  could  have  been  without  the  liming.  It  is  an  adjunct  to 
be  used  occasionally,  but  no  proper  substitute  for  manure. 
AmontU  i>f  Limt  applied  to  Land. 

The  amount  of  lime  applied  to  tlie  acra  varies  widely  in  different 
countries,  and  according  to  the  kind  of  aoil.  In  general,  it  is  used 
far  less  freely  nowadays  than  it  was  formerly.  Heavy  claya  can 
bear  much  more  of  it  than  light,  sandy  loams.  Inasmuch  as  the 
chief  action  of  lime  is  undnubtedly  to  impmve  the  mechanical  con- 
dition of  the  land,  it  is  evident  that  the  lime  shonid  not  be  applied 
in  quantities  too  small  to  effect  this  purpose.  It  should  be  thought 
of  and  applied  as  an  ameliorant  in  terms  of  tons,  and  not  as  a  fer- 
tilizer to  be  used  by  pounds. 

In  England  4  tens  of  lime  to  the  acre  are  esteemed  to  be  anffl- 
cient  for  light  lands,  and  fur  land  that  has  been  long  nnder  culti- 
vation ;  or,  instead  of  this  quantity,  more  frequent  dressings  of  1 
or  2  tena  at  a  time  may  be  used.  For  old  Bod-land  that  has  jnst 
been  ploughed,  6  tons  of  lime  was  the  dose  formerly  recommended  ; 
and  in  those  days  quantities  ranging  all  the  way  from  6  to  12 
tone  seem  to  have  been  usual  applications,  the  larger  amounte 
being  applied  in  cases  whero  the  land  hod  not  previously  been 
limed.  Cold  clay  soils  were  limed  more  heavily  (8  to  10  or  12 
tons  to  the  acre),  and  more  frequently  also  (once  in  six  year^  or 
even  ofiener),  than  any  others,  for  the  reason  that  the  lime  makes 
such  land  work  more  kindly. 

Latterly,  smaller  dressings  at  nioro  frequent  intervals  have  be- 
come customary  in  England.  More  than  5  or  6  tens  to  the  acre 
are  now  soldom  used  there,  even  on  strong  land.     InsteEul  of  ap- 
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plyiDg  4  to  8  tons  once  in  fifteen  or  nineteen  years  on  land  that 
had  been  previously  limed,  tlie  rule  is  now  to  apply  lime  every  biz 
or  eight  years  in  quantities  not  larger  than  I  or  2  tons  to  the  acre. 

lu  Germany  lime  used  to  be  applied  at  the  rate  of  6  to  12  tons 
to  the  acre  once  in  7  or  8  years.  In  France  the  custom  seems 
to  always  have  been  to  use  less  lime,  viz.  3  or  4  tons  to  the  acre 
once  in  7  or  8  years ;  and  in  Belgium  the  rule  was  to  apply  some 
2J  tons  to  the  acre  once  in  10  or  12  years. 

It  is  held  that  deep  soib  require  to  be  limed  more  heavily  than 
those  which  are  ehallow.  Practical  men  say  that  the  reason  why 
land  requires  to  be  limed  anew  after  a  longer  or  shorter  interval 
depends  primarily  on  the  tact  that  the  lime  tends  continuaUy  to 
eink  deeper  and  deeper  into  the  soil.  Were  it  not  for  this  pecu- 
liarity, tbey  can  see  no  leason  why  one  good  doee  of  lime  should 
not  serve  for  a  century. 

Carbonate  of  Linu. 

A  few  words  lemain  to  be  said  about  carbonate  of  lime,  aa  ouch, 
tboogb  of  coune  wherever  caustic  lime  is  applied  to  land  it  comw 
to  act  as  carbonate  of  lime  as  soon  as  it  has  once  been  thoroughly 
neutralized  with  carbonic  acid ;  and  it  may  well  be  true  that  in 
many  canes  the  good  effects  of  liming  are  really  due  ttf  the  carbonate 
of  lime  which  results  from  this  speedy  neutraliation. 

Reference  has  already  been  made,  under  Composts,  to  the  fact  that 
the  lime  carbonate  fa  von  the  fermentation  of  humus  and  nitrification 
also.  The  experiment  of  Schulze,  already  cited,  is  of  special  inter- 
est as  bearing  upon  this  point.  In  rei>eated  instances  he  charged 
pairs  of  glass  cylinders  standing  in  mercury,  and  full  of  atmospheric 
air,  witheqnal  qnantitiea  of  loam  that  was  rich  in  humus  of  rather 
sour  character.  But  he  mixed  the  loam  of  one  cylinder  with  A  'f* 
weight  of  carbonate  of  lime,  while  to  the  other  cylinder  he  made  no 
addition.  After  the  lapse  of  from  4  to  8  days  he  found  habitually 
that  all  the  free  oxygen  had  disappeared  from  the  air  of  the  cylinder 
that  contained  the  lime  carbonate^  and  that  this  oxygen  had  been 
converted  into  carbonic  acid  by  oxidation  of  the  loam,  while  in  the 
other  cylinder  not  more  than  half  the  oxygen  was  consumed  in  the 
given  space  of  time.  Ordinarily  the  oxidation  of  the  mere  loam 
ma  more  than  four  times  slower  than  that  of  the  limed  loam. 
Carbonate  of  Lime  taay  prevent  Puddling. 

The  importance  of  the  lime  carbonate  as  a  means  of  hindering 
the  paddling  of  clayey  soils  has  already  been  mentioned  under  the 
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head  of  Lime.  It  appaan,  indeed,  that  in  verf  many  inatances  it 
is  realljr  a  solutinn  of  carbonate  of  lime  in  oarboniu-ocid  wuter,  i.  e. 
the  Bo-callad  bicarbonate  of  lime,  Trhich  is  the  eflbctiTO  agent  for 
coagulating  the  clay.  The  water  of  the  Lake  of  Geneva  offan  a 
noteworthy  illustration  of  the  action  now  in  question,  for  this  water 
is  particularly  clear  in  spite  of  the  great  turbidity  of  the  glacial 
streams  that  flow  into  the  lake.  All  the  suspended  matters  are 
coagulated  aod  precipitated  as  soon  as  they  mix  with  the  lake  water, 
which  is  charged  witli  the  lime  carbonate. 

In  10  litres  of  water  taken  from  the  Rhone  at  Geneya,  at  a  point 
where  it  has  the  same  composition  as  the  lake  water,  Deville  found 
789  milligrams  of  carbonate  of  lime,  49  of  carbonate  of  maguesia, 
466  of  sulphate  of  lime,  and  63  of  sulphate  of  maguesia ;  L  e.  in 
one  litre  63^  mg.  of  lime,  and  4^  mg.  of  magnesia.  Small  quanti- 
ties of  alkali  salts  were  present  also. 

Other  things  being  equal,  there  is  less  risk  that  a  soil  which  con- 
tains considerable  quantities  of  lime  carbonate  will  be  puddled  by 
nin  than  there  would  be  if  none  of  the  carbonate  were  present. 
Even  when  the  diore  of  bicarbonate  and  other  saline  matters  netii- 
Tully  present  in  the  soil-water  has  been  diluted  or  washed  away  by 
rain,  new  portiooa  of  it  will  speedily  be  formed  to  coagulate  anew 
any  particles  of  clay  which  may  have  been  puddled. 

Schloesing  has  suggested  that,  if  aoils  could  be  conceived  of  that 
contained  neither  solutions  of  the  lime  carbonate  nor  of  other  saline 
matters  in  their  pores,  the  earth  would  no  longer  have  the  power  to 
clarify  muddy  liquids.  On  the  contrary,  the  soils  themselves  would 
be  changed  to  mud  whenever  rain-water  fell  upon  them,  and  all 
brooks  and  rivers  would  be  muddy,  because  the  clayey  and  loamy 
parts  of  aoils  would  slowly  be  washed  away  through  them  into  the 
sea,  until  nothing  but  sand  and  gravel  were  left  behind.  Possibly 
such  elutriation  and  etraiiiing  of  clay  from  sand  may  really  have  oc- 
curred to  some  extent  in  geological  epochs  anterior  to  the  appear- 
ance of  vegetation  on  the  earth's  siir&ce  ;  for  when  soils  contained 
no  hnmus,  and  particularly  when  the  waters  that  washed  the  soils 
were  warm,  it  may  perhaps  have  happened  that  not  enough  carbonic 
acid  for  the  rapid  solntion  of  lime  and  the  effectiTe  coagulation  of 
the  clay  was  brought  into  contact  with  the  soiL 
CaUareovM  SoUt  are  FertiU. 

In  some  tiacta  of  exceedingly  fertile  land  in  Germany  it  has  been 
fijuod  that  the  soil  contains  6  or  93  of  carbonate  of  lime  thiougfaont 
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the  entire  region ;  and  the  good  effects  of  marl  and  leached  aabee  all 
over  the  world  go  to  ahov  that  it  is  well  to  have  a  lai]je  score  of 
carbonate  of  lime  iu  the  luud.  It  hits  been  noticed  also  by  geolo- 
gists, that,  where  limestone  forniatious  and  deposits  of  clky  meet 
and  mingle,  fertile  soils  are  apt  to  occur.  Doubtless  many  of  the  fer- 
tile calcareous  soils  now  under  cultivatiou  were  formed  originally  \>y 
the  commingling  of  river  mud  and  coral  sand  in  juat  proportions  at 
the  bottom  of  the  sea.  Of  course,  in  cases  where  the  orfjaiiisms 
which  build  the  coral,  or  other  hving  things,  have  been  buried  in 
the  mud  or  clay,  the  final  soil  may  contain  a  fair  proportion  of  phos- 
phates Hud  other  forms  of  plant-food  beside  carbonate  of  lime. 

It  is  said  tu  be  commonly  remarked  in  England  that  the  clayey 
and  loamy  soils  of  that  country  are  fertile  only  when  they  contain 
an  appreciable  quantity  of  lime.  Where  clay  soils  occur  there  on 
the  edge  of  the  chalk  districts  it  is  a  common  practice  to  "  chalk  " 
the  clay.  Chalk  is  carted  upon  tlie  clay  laud  at  the  rate  of  some  80 
to  100  cubic  yards  to  the  acre,  and  left  to  disintegrate  over  winter, 
io  little  heaps  4  or  S  yards  apart,  which  ore  spread  in  the  spring. 

The  great  fact,  thot  limestone  regions  are  fertile  regions  almost 
everywhere,  does  but  reinforce  the  argument  When  the  farmers 
of  New  England  have  come  to  understand  more  clearly  than  tliey 
do  now  that  the  leached  ashes  tbey  so  much  esteem  are  really  little 
more  than  very  finely  powdered  limestone,  they  will  probably  begin 
to  use  other  forms  of  the  lime  carbonate  more  freely  than  tboy  do 
now.  Tliere  is,  by  the  way,  nothing  of  novelty  in  this  assertion. 
Ruffln  in  his  work  "  On  Calakreous  Manures,"  long  ago  wrote  as 
follows :  "  Wood  ashes,  after  being  deprivi^l  of  their  potash,  have 
calcareous  earth  and  a  smaU  proportion  of  phosphate  of  lime  as  their 
only  fertilizing  ingredients ;  and  both  tt^ether  do  not  commonly 
make  more  than  there  is  of  calcareous  earth  in  the  same  bulk  of 
good  marl.  Except  for  the  proportion  of  phosphate  of  lime  they 
contain,  drawn  ashes  are  simply  artificial  marl,  more  fit  for  immedi- 
ate action  by  being  finely  divided,  bat  weaker  than  our  beat  beds  of 
fossil  shells." 

Caleareovi  Sandi  and  Shells. 

A  sand  of  carbonate  of  Ume  consisting  of  finely  comminuted  sea- 
shells,  found  in  sheltered  bays  upon  rocky  coasts,  is  largely  used  as 
a  fertilizer  upon  the  coast  of  IralandandtheChannelcoast  of  France, 
as  well  as  in  some  parts  of  England.  From  the  little  porta  on  the 
Channel  the  French  farmers  transport  this  sand  inland  20  or  30 
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luilea  in  wagons,  and  in  Cornwall  it  is  carried  to  even  gteater  db- 
tancen  b;  laii.  It  is  said  to  be  applied  with  special  advautage  to 
stiff  clay  soils.  lu  France,  besides  being  applied  to  claTS,  it  is  used 
with  much  benefit  on  marshy  grass-lands  at  the  rate  of  10  or  12 
tons  to  the  acre. 

Oyster-shell  flour,  such  as  was  made  in  great  quantities  in  Boston 
a  few  years  ago,  was  as  good,  and  probably  better,  than  the  ebell 
sand.  But  there  is  Bmall  reason  to  beliere  that  the  powdeiod  shells 
are  aoy  better  than  lime  obtained  from  shells  that  have  been  bnntt. 
In  experiments  made  upon  light  land  at  the  Buesey  Institution  it 
appeared  that  oyster-shell  flour,  that  is  to  say  fresh  oyster^ehells 
ground  extremely  fine,  did  not  give  quite  so  good  crops  as  caustio 
lime  that  had  been  prepared  by  burning  oyster-shells.  Moreover, 
on  analyzing  seo-shells,  it  appears  that  the  organic  matter  which 
they  contain  is  wellnigh  free  from  nitrogen.  There  ia  no  evidence 
that  this  organic  matter  is  of  the  least  use  as  a  manure.  Hence 
there  is  no  reason  why  the  farmer  should  be  at  the  expense,  either 
of  having  the  shells  ground,  or  of  carting  the  UBeless  conatituent« 
which  can  be  expelled  by  burning. 

The  cheapest  way  to  obtain  carbonate  of  lime  in  powder  is  to  bum 
the  original  limestone,  or  sea-shells  if  they  are  to  be  had,  and  to  slake 
tiio  product  with  water.  The  slaking  may  bo  done  in  heaps  covered 
with  moistened  earth,  as  has  been  described,  and  the  fine  powdery 
hydrate  of  lime  spread  directly  upon  the  land,  or  the  lime  may  be 
used  in  the  compost  heap  ;  or  the  quicklime  might  be  left  to  beooms 
air-slaked  by  exposure  to  the  air,  and  the  product  be  applied  to  the 
land  instead  of  leached  ashes.  Air-slaked  lime  is  sometimes  spoken 
of  as  a  hydrocarbonate  of  lime.  It  ia  iu  fact  a  particularly  intimate 
mixture  of  the  hydrate  and  the  carbonate. 

Of  course  it  mnst  happen,  whenever  freshly  slaked  lime  is  applied 
directly  to  the  land,  that  it  will  act  at  first  as  caustic  lima.  Ooly 
after  that  action  is  finished  will  the  influence  of  carbonate  of  lime 
be  much  felt  Bnt  manifestly  by  proceeding  in  this  way  the  aflair 
is  complicated  by  the  caustic  lime  which  acts  upon  the  land  at  one 
stage  of  the  process,  and  no  one  am  say  jmt  what  carbonate  of  lime 
might  have  done  if  naed  by  itself.  It  is  not  impossible  that  cases 
may  occur  where  the  action  of  the  caustic  lime  upon  the  soil  would 
be  detrimental ;  and  it  is  to  be  noted  that,  in  such  event,  the  difR- 
cnlty  would  only  bo  partially  overcome  by  allowing  the  quicklime 
to  ilake  in  the  air. 
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Then  is  alirays  one  great  advantage  to  be  credited  to  qaicklime, 
in  that  the  cost  of  tianeporting  it  will  be  decidedly  less  than  that 
of  transporting  pondered  limestone.  The  atomic  weights  of  calcium, 
cftrboD,  and  oxygen  are  respectively  40,  12,  and  16;  and  the  mo- 
lecular weight  of  carbonate  of  lime  (CaCOJ  is  100.  But  there  ar» 
44  lb.  of  carbonic  acid  (COi)  in  that  amimut  of  puis  carbonate  of 
lime,  that  ia  to  say,  almost  one  half  the  weight  of  the  material ;  and 
by  expelling  this  carbonic  acid  at  the  quarry,  there  will  be  just  thus 
much  less  of  dead  weight  to  be  transported  to  the  farm. 

The  ar^ment  as  previously  stated  means  merely,  that  by  apply- 
ing powdered  limestone  or  seo-sbells  the  experimenter  is  in  so  br 
master  of  hia  position.  He  will  know  precisely  what  he  ia  doing, 
and  be  able  to  judge  from  the  crop  whether  or  not  the  lime  car- 
bonate has  done  any  good.  But  when  the  carbonate  has  been 
obtained  as  a  secondary  product  by  starting  with  quicklime,  it  can 
never  ho  known  with  certainty  whether  the  observed  effects  should 
be  attributed  to  caustic  lime  or  to  the  carbonate. 
Uk  of  Ltaclied  Athei, 

It  is  not  impossible,  when  the  modes  of  action  of  lime  componnda 
come  to  be  understood  more  clearly  than  they  ore  now,  that  only 
carbonate  of  lime  will  be  applied  to  some  kinds  of  soils,  and  the 
use  of  quicklime  be  restricted  to  special  varieties  of  land  and  to 
the  compost  heap.  This  conclusion  is  foreshadowed  by  the  ex- 
tended use  that  is  made  even  now  of  leached  ashes  in  many  dis- 
tricts. In  some  parts  of  Rhode  Island,  Connecticut,  Vermont,  and 
Massachusetts,  for  example,  leached  ashes  have  long  been  highly 
esteemed,  and  they  continue  to  be  used  in  these  localities  very 
freely,  even  when  the  cost  of  the  material  is  high.  As  much  as 
18  or  20  cents  the  bushel  of  56  lb.  is  said  to  be  paid  for  Canadian 
leached  ashes  in  Connecticut  Leached  ashea  are  always  more  or 
less  moist,  and  may  be  estimated  to  contain  35ji  of  water  on  the 
average,  aa  received  by  consumers  hereabonts.  Nearly  half  of  the 
moist  material  is  carbonate  of  lime  in  the  condition  of  a  fine,  soft 
powder.  There  are  3  or  4%  of  m^neeia  also,  beside  clay,  sand, 
charcoal,  and  other  imparities.  Such  ashes  rarely  contain  as  much 
as  1%  of  potash,  or  more  than  a  per  oent  and  a  third  of  phoephorie 
acid.  If  the  carbonic  acid  be  classed  as  inert  matter,  together  with 
the  sand  and  charcoal,  it  will  appear  that  scarcely  more  than  one 
third  the  weight  of  leached  ashea  con  be  regarded  as  possessing  any 
fertilizing  valoe  whatsoever. 
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Factiti(m»  LtaeAed  Ashn. 

Professor  Johnson  baa  suggested  that  leached  ashes  might  readily 
be  imitated  by  mixing  together  30  )b.  of  fresli-bumed  shell  limt-,* 
8  lb.  of  kainit,  luid  10  lb.  of  tine  bone-tneaL  These  niBterials 
vould  supply  28  lb.  of  lime,  2.8  of  phosphoric  acid,  1.0  of  potash, 
and  0.7  of  magnesia;  and,  with  the  exMption  of  magnesia,  which 
is  rarely  lackiug  in  soils,  would  prubably  be  equal  to  100  lb.  uf 
leached  asbes,  as  used  for  fertilizing  purposes.  He  urges  that,  iu 
luany  localities,  such  a  mixture  might  be  economically  substituted 
fur  leached  ashes ;  and  that,  still  better,  such  of  its  cumponenls  as 
experience  miglit  show  to  be  useful  could  be  used  to  greater  advan- 
tage than  leached  aslies  themselves. 

It  is  not  improbable  that  the  soils  on  which  leached  ashes  do 
their  best  service  are  siteciaUy  fit  foi  nitrification,  and  tbat  tliis 
process  is  promoted  by  the  lime  carbonate.  In  this  view  of  the 
matter,  leached  ashes  would  be  of  little  use  on  soils  not  rich  enough 
in  oi^ganic  remains  to  admit  of  ready  nitrification. 

Beside  the  direct  action  of  carbonate  of  lime  in  fee<Iing  the  plant 
and  reacting  upon  the  various  roattera  which  occnr  with  it  in  the 
soil-water,  it  has  a  distinct  though  feeble  power  of  decomposing 
organic  tnattera,  something  as  an  alkali  would.  There  is  nothing 
very  extraordinary  in  this,  for,  as  is  well  known,  the  solution  of 
carbonate  of  lime  In  carbonic-acid  water  has  a  decided  alkaline 
reaction  ;  and,  as  the  experiments  of  Johnson  have  shown,  the 
action  of  carbonate  of  lime  on  peat  is  real  though  feeble. 
CarboTuUe  of  Lime  a  Regulator. 

The  presence  of  a  quantity  of  carbonate  of  lime  in  a  soil  may 
sometimes  be  useful  as  a  safeguard  against,  or  as  an  addition  to, 
salioe  fertilizer«.  Thas,  when  chloride  of  potassium,  sulphate  of 
potash,  and  common  salt  are  applied  to  land  that  contains  carbooato 
of  lime,  the  salts  are  slowly  decomposed,  with  formation  of  car- 
bonate of  potash,  or  carbonate  of  soda,  as  the  case  may  be,  and  theee 
alkaline  compounds  have  usually  a  better  fertilidng  action  than  the 
chlorides  and  sulphates  whence  they  came.  In  this  case  the  car- 
bonata  of  lime  acta  as  a  regulator,  as  it  were,  to  keep  the  land 
at  its  best ;  and  so  it  is  with  i^ard  to  nitrification,  as  bos  been 
said. 

1  Perhxpt  It  woald  be  wrU  to  liiiikf.  the  \\mt,  and  then  expose  It  to  the 
sir  in  ■  bara  eellsr,  with  accaeional  stirrings,  Iwfore  adding  the  other  ingre- 
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tn  connection  with  lime  compounds  marls  shoald  be  considered. 
Tlie  word  "marl"  is  a  somewhat  vague  tenu,  applied  to  mixtures 
of  calcareons  earth  and  various  proportions  of  clay,  or  loam,  or 
sand.  There  are  marls  containing'  no  more  than  6S  of  carbonate 
of  lime,  sud  others  that  carry  60  or  80%  of  the  carbonate. 

Shell  marls,  so  called,  consist  of  deposits  of  clay  and  silt,  ad- 
miiEad  with  small  shells,  that  are  fuuad  beneath  the  surface  soil  of 
swamps,  and  sometimes  at  the  bottoms  of  ponds,  Thpy  must  not 
be  confounded  with  the  diatomaceous  earth  (sometimes  of  pure 
white  color)  which  is  often  found  in  similar  situations,  and  which 
consists  of  innuiueruble  siliceous  shells  of  microscopic  oigauiams. 
Occasionally,  shell  marls  contain  very  large  proportions  of  carbon- 
ate of  lime.  The  heaps  of  oysterflheila,  or  of  shells  of  sea  or  fresh- 
water clams,  found  in  many  places  near  the  sea  or  on  the  borders 
of  ponde  and  rivets  where  Indians  formerly  congregated,  are  in  no 
sense  to  ba  regarded  as  marl.  For  the  fanner,  these  shell  heaps  are 
simply  stores  of  limestone  fit  to  be  burned  to  lime  when  the  condi* 
tions  are  fovorable  for  this  enterprise. 

Generally  speaking  it  is  only  the  carbonate  of  lims  in  a  nari 
that  gives  it  its  fertilizing  power,  though  there  are  some  nre  Tari»- 
ties  which  contain  appreciable  quantities,  not  only  of  phoephorie 
Bcid  and  potssh,  but  of  organic  matters  rich  in  nitrogen.  The 
good  repute  in  which  marls  are  held  depends  upon  the  fact  that 
they  are  often  found  &r  inland  in  the  hearts  of  sgricnltural  Tegions, 
and  may  be  readily  applied  to  the  neighboring  land  at  no  great  cost 
for  transportation.  Unlike  lime,  they  can  rarely  if  ever  do  any 
harm,  for  there  is  nothing  canstic  or  hurtful  in  them,  Koreover, 
they  may  be,  and  are,  applied  in  such  large  quantities  as  to  alter  the 
texture  of  the  soil,  snd  to  serve  as  true  "  amendments." 

A  light  soil  dressed  with  seventy  or  eighty  tliDUeand  pounds  of 
clayey  or  loamy  marl  to  the  acre  will  be  made  sensibly  heavier,  and 
BO,  conversely,  of  a  sandy  marl  applied  to  clay.  The  benefit  of  a 
thorough  dressing  with  marl  is  said  to  be  felt  daring  ten  or  twelve 
years,  though  the  effect  is  very  variable,  according  to  the  character 
of  the  marl  and  of  the  soil. 

It  needs  to  be  borne  in  mind  that  the  mechanical  condition  of 
a  marl  has  much  to  do  with  its  value.  Just  as  coarsely  crushed 
bonee  are  worth  far  lees  to  the  farmer  than  bone-meal,  so  a  rough, 
lumpy  marl  will  hare  less  valne,  other  thin^  being  equal,  than  one 
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whoas  particles  are  fine.     It  follows,  of  coarse,  th&t  man  chemical 
analgia  of  a  marl  is  not  sufficieot  to  detenuiiie  its  value. 

Marls  an  commonlj  claased,  accoiding  to  their  mechanical  con- 
dition or  consistence,  as  stone  marl,  shell  marl,  earthy  marl,  or  slaty 
niarL  A  striking  peculiarity  of  the  really  good  marls  is  their  ca- 
pacity of  falling  to  powder  under  the  influence  of  the  weather  after 
they  have  been  spread  upon  a  field.  This  phenomenon  depends 
upon  tlie  unlike  behavior  towards  water  of  the  clay,  the  sand,  and 
the  calcareous  earth  which  the  marl  contains.  The  clay  ewelle  on 
beiug  wetted  by  min,  while  the  sand  and  the  lime  carbonate  du 
not  When  dry  weather  sets  in,  the  moist  clay  shrinks  in  npou 
itself,  while  the  sand  and  the  lime  compound  remain  unchanged. 
Hence,  by  alternate  wettings  end  dryings,  the  coherence  of  the 
marl  is  destroyed,  and  the  original  lumps  of  it  gradually  crumble  to 
powder.  In  winter  also  the  crumbling  process  is  hastened,  when 
the  weather  occasions  alternate  freezing  and  thawing. 

The  use  of  old  mortar,  or  plaaterii^  taken  from  bnildinga  that 
have  been  burned  or  otherwise  demolished,  though  hardly  analo- 
gous to  marling  properly  so  called,  may  in  general  be  regarded 
merely  as  an  application  of  coaree  carbonate  of  lime,  thou^  there 
is  often  some  gypsum  in  the  mixture,  more  or  leaa  caustio  lime, 
and  occasionally  a  Uttle  nitrate  of  lime. 
Bta^uiation. 

To  recapitulate,  and  the  qnestion  now  ia  of  lime  proper:  — 

Lime  may  act  to  alter  the  capillary  condition  of  the  soil,  both 
by  coating  the  earth,  as  was  esplaiiied,  and  by  flocculating  the 
colloid  clay  in  it. 

It  may  act  on  hydrous  silicates  in  the  soil,  to  push  out  fh>m  them 
potash,  or  the  like. 

It  may  decompose  the  inert  nitrogen  ooroponnds  in  Tegetalde 
mould,  and  may  even  do  good  by  merely  disorganizing  v^fetable 
remains. 

It  may  neutralize  undue  acidity,  whether  caused  by  an  excesa  of 
humio  acids,  or  by  the  presence  of  ferrous  sulphate. 

It  may  destroy  insects  and  worms,  and  some  hurtful  fungi ; 
though  the  presence  of  carbonate  of  lime  in  the  soil  ia  important 
fur  nitrification. 

It  disintegrates  rocks  and  minerals. 

Tlie  presence  of  it  in  the  soil  often  increases  the  "abeorptive 
power  "  of  the  soil ;  that  is  to  say,  the  power  of  fixing  and  holding 
potash,  etc 
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CHAPTER  X 
SODIUM  COBPOOKDa 


Of  sodium  compounds,  considered  aa  fortiliiing  agenta,  cnmpan- 
tivelj  littls  need  be  aaid.  Methodical  experiments  have  shown 
th:it  sodium  is  apparently  not  essential  to  the  life  of  agricultunl 
plauts.  Crops  can  grow  perfectly  well  without  it.  Or,  at  the 
inost,  they  need  so  small  a  trace  of  aoda  that  enough  can  always  bo 
obtained  from  the  snpplies  to  be  found  in  the  soil,  or  even  in  thu 
air.  The  soda  usually  found  in  the  aahm  of  plants  ia  accidental, 
and  non-esaeutiaL  The  old  notion  that  soda  could  replace  potash 
in  the  plant  has  been  disproved. 

Animals,  to  be  sure,  need  salt,  or  some  other  sodium  compound, 
in  order  that  they  may  live ;  and,  ordinarily,  they  obtain  the  chief 
part  of  their  supply  of  soda  from  plants.  But  these  considerations 
have  little  or  no  bearing  on  the  question  of  agriculture.  Domestic 
animals  might  always  be  supplied  with  aoila  fay  administering  to 
them  salt,  or  sulphate  of  soda,  directly ;  and  it  would  be  economi- 
cally absuid  to  send  them  the  soda  by  the  roundabout  way  of  the 
plant  And  yet,  in  spite  of  all  this,  common  salt  ia  often  found  to 
do  good  service  as  a  manure. 

Mode  of  Action  of  Common  Sail. 

The  explanation  of  this  (act  seems  to  be  that  the  aalt  acta  indi- 
rectly. It  effects  the  decomposition  of  substances  already  present 
in  the  soil,  and  sets  free  from  them  some  things  which  are  needed 
by  plants.  It  is  soniewhat  with  salt  as  it  is  with  gypeum,  except 
that,  while  gypaum  pushes  out  potash  with  especial  ease,  as  well  as 
magnesia  and  ammonia,  from  the  hydrous  double  silicates,  common 
salt  displaces  lime  first  of  all,  then  magnesia,  and  potash  (aa  well  aa 
some  phosphoric  acid)  only  to  a  sabordinate  extent.  The  discovery, 
however,  even  of  thus  much,  viz.  that  salt  acts  indirectly  to  dissolve 
matters  that  are  already  in  the  soil,  has  served  to  clear  up  one  of 
the  most  obscure  points  in  the  chemistry  of  agricolture. 

Until  a  comparatively  recent  period  it  was  impossible  to  compre- 
hend the  conflicting  statements  about  ^e  use  of  common  salt  that 
were  pnbliahed  every  day.    One  farmer  found  it  a  Talnable  manure ; 
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another  was  led  to  regaid  it  as  a  poison  sure  to  destroj  liis  cropa, 
wiiila  a  large  number  oi  observers,  perhaps  tlia  m^ority,  could  not 
perceive  that  tiiey  derived  either  benettt  or  damage  from  its  use. 
Oq  the  whole,  the  verdict  of  most  practical  man  appeals  to  Iiave 
been  rather  unfriendly  to  the  use  of  salt.  It  is  now  known,  how- 
ever, that,  with  many  eoili,  lima,  magnesia,  and  potash  can  be  given 
to  the  crop  by  applying  common  salt,  or  any  other  solable  sodium 
compound,  to  the  land.  There  is  a  curious  old  axperiment  of  Pro- 
fedsor  Wolif,  which  bears  upon  this  point.  Wolff  grew  a  quantity 
ot  buckwheat  upon  a  tield,  one  half  of  which  was  manured  heavily 
with  common  salt,  while  the  other  half  was  left  untuanured.  On 
analyzing  the  ashes  of  the  buckwheat  straw,  he  found  that  the  por- 
tion of  the  crop  which  had  received  the  salt  contained  leas  soda, 
but  more  potash,  tlian  the  other. 

An  application  of  common  salt  to  the  land  might  thus  exert  a 
decided  fertilizing  action,  by  merely  pushing  out  lime  and  potash 
from  the  surface  soil,  and  sending  them  down  to  wliare  the  roots  of 
the  crop  are  growing.  The  probabilities  are,  however,  that  this 
elimination  of  potash  can  usually  be  effected  mora  cheaply  by  means 
of  lime  compounds  than  by  means  of  sodium  salts ;  and  if  a  sodium 
salt  were  used  for  this  purpose,  the  nitmta,  whioli  is  a  valuable  ma- 
nure of  itself,  because  of  the  nitrogen  contained  in  it,  had  better  be 
chosen. 

Several  chemists  have  studied  the  disintegrating  or  solvent  action 
of  common  salt,  and  of  a  variety  of  other  saline  substances,  upon 
Boib,  and  rocks,  and  minerals,  not  to  speak  of  multifanous  experi- 
muits  of  analogous  character  relating  to  fixing  power.  Some  of  the 
most  noteworthy  of  these  trials  are  those  of  Dietrich  (Hoffmann's 
Jahrasbericht,  I.  29  and  V.  12)  and  of  Beyer  {Ibid.,  XIII.  22). 
Utc  of  Salt  to  check  rank  Growth. 

Salt  is  sometimes  used  to  check  vegetation.  That  is  to  say,  it  is 
employed  not  infrequently  in  England  to  hinder  tha  growth  of 
grain  crops,  or  rather  to  prevent  tha  stalks  from  becoming  too 
rank  on  rich  soils,  or  on  soils  too  highly  choired  with  nitrogenous 
manares.  It  was  a  not  uncommon  practice  formerly  to  mix  the 
true  Peruvian  guano  with  salt,  and  the  English  farmers  still  use 
salt  to  hinder  their  grain  crops  from  running  to  straw  in  wet 
seasons. 

The  physiological  action  of  salt  in  this  case  is  not  wall  understood. 
Parliaps  the  salt  kills  the  nitric  ferment  or  some  other  organism 
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that  works  to  make  the  soil  nitrogeu  active,  or,  at  the  leas^  hindera 
its  development.  Possibly  the  etfect  of  the  salt  may  be  due  to  a 
general  weakening  of  the  plant  Aa  everybody  knows,  large  doses  of 
salt  will  kill  most  planta.  Perhaps  smaller  doses  may  check  growth 
by  giving  the  plants  an  illness  from  which  they  slowly  recover. 

It  has  often  been  noticed,  even  in  localities  where  salt  has  been 
found  to  do  good  service  as  a  fertilising  agent  when  ploughed  under, 
that  top-dressings  of  it  seldom  increase  tlie  crops,  and  that  tbey  are 
often  distinctly  hurtful.  One  case  has  been  reported  where  9  cwt. 
of  salt  strewn  upon  a  Saxon  acre  bad  no  visible  action  upon  either 
wheat  or  rye,  while  it  killed  young  clover.  In  genenil,  it  is  agreed 
that  care  most  be  taken  to  nse  salt  sparingly,  and  to  apply  it  at 
appropriate  seasons,  as  when  neither  seeds,  nor  sprouts,  nor  young 
plants  are  at  hnnd  to  be  injured.  Instances  are  on  record  where 
more  than  3  cwt.  to  the  Saxon  acre  diminished  the  beet  crop,  and 
more  than  4|  cwt.  diminished  the  yield  of  potatoes.  In  some 
places  1  or  2  cwt.  to  the  Saxon  acre,  applied  to  rye,  gave  the  best 
residts,  while  in  other  situations  the  best  rye  crop  was  got  with  6 
cwt.  In  this  instance^  an  application  of  9  cwt.  diminished  the 
crop,  and  12  cwt.  lessened  it  still  more.  A  barrel  of  salt  to  the 
acre,  for  wheat,  is  one  English  formula. 

Possibly  it  is  the  chlorine  in  the  salt  which  acts  to  restrain  the 
growth  of  wheat,  rather  than  the  sodium.  If  this  be  so,  it  might 
ba  better  to  use  chloride  of  potassium  (Staeefurt  muriate)  rather 
than  common  salt;  or  possibly  a  light  dressing  of  chloride  of  mag- 
nesium, which  would  be  cheaper  even  than  salt,  might  serve  the 
purpose.  It  would  be  interesting  to  study  the  comparative  aotion 
of  common  salt  and  of  chloride  of  potassium  upon  some  of  the 
.over-rich  bottom  lands  at  the  Weet.  On  the  so-called  American 
Bottom  in  Illinois,  for  example,  the  growth  of  stalks  and  straw  is 
said  to  be  enormous  in  proportion  to  the  yield  of  giain.  Corn- 
stalks grow  (en  or  twelve  feet  high,  and  are  sometimes  five  inches 
in  circumference,  while  at  about  the  height  of  a  man's  head  they 
bear  a  single  ear  of  corn.  For  all  the  rank  growth  of  stalks,  the 
harvest  is  hardly  50  bushels  of  oorn,  or  25  bushels  of  wheat,  to  the 
acre.  It  would  be  an  interesting  experiment  to  try  whether  salt, 
or  any  other  chlorine  compound,  would  in  this  case  briug  the  atalk 
production  into  fit  relations  with  a  proper  crop  of  grain. 

It  is  not  in  the  least  unlikely  that  salt  may  exert  other  physio- 
logical effects  than  those  just  now  suggested,  for  Nessler  has  noticed 
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that  tobwxo  gtowQ  OQ  land  mannTed  with  talt  had  tougher  and 
more  flexible  leaves  than  that  growu  oa  adjacent  anmanuied  laud. 
So  too,  hemp  that  had  been  IJgiitly  manured  with  salt  yielded  a 
larger  amount  of  useful  fibre,  and  a  fibra  of  superior  quality,  than 
was  got  either  from  unmannred  land  or  from  land  fertilized  with 
sulphate  of  ammonia. 

It  has  often  been  noticed,  moreover,  that  dressings  of  salt,  and 
even  of  chloride  of  potassium,  tend  to  make  potatoes  waxy  rather 
than  mealy.  StoeokhardC  ha«  in  fact  shown,  by  an  elaborate  com- 
]>ariaon  of  numerous  experiments,  in  which  the  action  of  salt  voulit 
be  contrasted  with  that  of  other  fertilizers,  or  with  that  of  unran- 
unied  IaD<l,  that,  as  a  general  rule,  the  percentage  of  starch  in  pota- 
toes is  diminished  when  the  land  has  been  dressed  with  chloride  of 
sodium,  either  by  itself,  or  as  an  addition  to  other  fertilizers.  Even 
the  yield  of  tubers  is  apt  to  be  diminished  by  the  presence  of  salt 
in  the  soil 

Salt  fineetiiaUt  Ctlloid  Olay. 

There  is  another  efl'ect  producible  by  salt,  which  may  perhaps 
sometimes  explain  the  utility  of  employing  it  upon  clayey  soils ; 
viz.  its  power  of  making  fine  particles  of  olay  cohere,  as  seen  when 
the  suspended  matters  in  turbid  riverwater,  or  in  mud-puddle 
liquor,  are  made  to  subeide  by  additions  of  salt.  That  such  action 
may  oocnr  is  seen  in  Holland,  where  it  bos  been  supposed  to  pro- 
duce a  part  of  the  injury  that  results  when  clayey  polders  ai^  over- 
flowed with  sea-water.  But  it  is  not  improbable  that  this  very 
action  may  be  bensilcial  in  some  cases,  when  the  quantity  of  salt 
applied  to  the  land  is  not  too  large. 

As  has  been  explained  under  the  head  of  Lime,  common  salt 
and  other  saline  solutions  have  a  considerable  power  to  flocculate 
fine  earth,  or  any  minute  particles  that  are  suspended  in  water, 
much  as  lime  does.  For  example,  when  the  Mississippi  water  fiowa 
into  the  saline  water  of  the  Gulf  of  Mexico,  much  of  the  matter 
that  was  held  suspended  in  the  riverwater  is  flocculated  at  onc^  so 
that  it  can  subside.  Such  action  as  this  is  one  prime  cause  of  the 
fonnation  of  deltas,  for  the  flocoulation  of  fine  mud  by  salt  is  com- 
mon to  all  rivera  that  reach  the  sea. 

A  curious  instance  of  this  phenomenon  was  encountered  at  Cal- 
cutta on  establishing  filtering  beds  of  sand  to  purify  the  Ho<%ly 
water.  It  was  found  that,  daring  the  raiuy  season,  the  fine  mud  in 
the  water  penetiated  very  deeply  into  the  filters,  and  rapidly  choked 
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them.  Id  the  diy  seMon  this  did  not  happen,  for  the  enspended 
mutters  were  then  arrested  near  the  upper  surbce  of  the  sand.  The 
explanation  is,  that,  during  the  taiiiy  Beasou,  the  water  contain! 
much  less  saliae  matter  than  in  the  dry  season.  And  the  trouble 
vraa  nmedied  by  adding  alum  and  salts  of  iron.  ConYeraeljr, 
where  the  waves  of  I^e  Erie  heat  against  the  banks  of  day  upon 
its  northern  shore,  the  water  is  said  to  be  diMolored  for  miles  ont 
into  the  lake,  manifestly  because  of  the  absence  of  saline  mattera  to 
flocculate  the  coUuid  clay. 

Floer.iUtUio»  bff  other  Saline  Mattert, 

What  is  true  of  salt  in  tbis  respect  is  likewise  true  of  most  of  the 
saline  matters  that  occur  naturally  in  arable  soils  (notably  of  bicar- 
bonate of  lime,  as  has  been  said) ;  and  it  is  known  that  these  saline 
matters,  in  spite  of  the  extreme  dilution  in  which  their  solntioua 
occur,  do  aotaally  exert  a  highly  important  influBnce  to  maiiitaia 
soils  in  good  tiitlL  Schloesing  has  suggested  the  following  experi* 
ment,  as  illustrating  this  point.  A  quantity  of  moist  loam,  haying 
been  crumbled  between  the  fingera  to  a  loose  condition,  is  shaken 
into  a  cylinder,  at  the  bottom  of  which  fiagmente  of  glass  covered 
with  couse  sand  have  been  placed.  On  moisteniog  the  loam  with 
distilled  water,  drop  by  drop,  a  solution  of  the  saline  matters  which 
the  soil  contained  will  be  pushed  downward  beneath  the  layer  of 
pure  water,  which  has  the  upper  hand,  and  the  uppermost  layers 
of  loam  will  soon  be  left  in  contact  with  pure  water,  with  which 
they  finally  form  a  mass  of  dough ;  1.  e.  when  all  the  saline  matters 
liare  been  nmoyed  from  the  soil,  it  passes  into  the  condition  of 
'  pasty  mud.  Meanwhile  the  lower  layers  of  the  soil,  although  fully 
moistened  and  subjected  to  heavier  pressure  than  the  upper  layers, 
exhibit  no  such  ohanga  as  to  their  mechanical  condition,  for  tbey 
are  still  in  contact  with  saline  matters  that  hinder  their  particles 
from  puddling. 

On  repeating  tbis  experiment  with  ordinary  well-water,  instead  of 
distilled  water,  all  the  other  conditions  being  as  before,  Schloeeing 
obtained  no  mud  at  the  snr&ce  of  the  earth.  He  explains  his  re- 
sults OS  follows.  In  the  fine  earth,  which  we  call  loam,  clay  often 
acta  as  a  kind  of  cement  to  hold  particles  of  sand  together.  Tlia 
clay  gives  coherence  to  the  particles  of  soil,  and  keeps  them  from 
fitUing  to  mere  dust  But  this  binding  power  of  the  clay  is  effect- 
ive only  so  long  as  there  is  enough  saline  matter  present  to  keep 
the  clay  in  a  coagulated  condition.    Whenever,  by  washing  with 
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pure  water,  tbe  coagulating  agents  are  remored,  tbe  cla;  loses  more 
<a  less  completely  this  kind  of  bindiug  power,  the  friability  of  tlie 
earth  disappeats,  and  mud  is  formed. 

Schloeeing  admits  that  not  every  kind  of  eartb  is  suitable  for  the 
foregoing  experiment,  for  in  some  soils  many  of  the  particles  or 
granules  are  held  together  by  other  ageucias  than  clay,  and  such 
soils  are  not  easily  puddled.  Many  of  them  will  withstand  tbe 
action  of  diatillod  water,  as  above  applied.  But  it  is  still  true  that 
a  large  number  of  loams  will  behave  in  tbe  manner  indicated,  and 
such  soils  are  liable  to  be  paddled  at  the  aur&ce  when  acted  upon 
by  lain,  which  is  water  that  has  been  distilled  naturally. 

There  are,  however,  noteworthy  difierences  between  the  exagger- 
ated conditions  of  the  experiment  and  those  to  which  soila  are 
actually  subjected  in  the  fields.  For  although  in  tbe  experiment 
the  water  is  added  very  slowly,  it  may  still  happen  that  as  much 
of  it  may  be  applied  in  a  few  hours  as  would  amount  to  a  layer  ten 
or  fifteen  inches  deep.  But  this  would  represent  an  enormous  rain- 
fall, such  OB  is  wholly  unusual ;  hence  the  washing  out  of  the  saline 
matters  must  be  more  complete  in  the  experiment  than  in  the  field. 
On  the  other  hand,  the  beating  action  of  rain,  which  must  greatly 
promote  puddling  in  the  field,  has  comparatively  little  influence  in 
the  laboratory  experiment.  In  the  field,  moreover,  tbe  tain-water, 
coming  in  showers  and  in  comparatively  small  quantities  would 
often  be  able  to  dissolve  enough  lime  frem  tbe  soil  (chiefly  as  bi- 
carbonate) to  hinder  the  flocculation.  In  the  case  of  very  beavy 
lains,  it  may  happen  also  that  the  soil  will  be  bo  thorauglily  pud- 
dled at  the  surface,  that  is  to  say,  it  will  become  covered  with  mud 
that  is  so  difficultly  permeable,  that  not  enough  water  can  percolate 
downward  to  wash  out  the  saline  matters  from  the  layers  of  soil 
next  below,  so  that  tbe  tilth  of  tbe  soil  will  not  be  much  impaired 
excepting  at  the  very  surface. 

To  the  presence  in  soils  of  the  natural  saline  matters,  Scbloeeing 
attributes  the  power  of  tbe  soil  to  clarify  turbid  liquids.  Were  it 
not  fur  the  saline  matters,  he  says,  not  dear  sparkling  water,  but 
turbid  and  muddy  water,  would  flow  from  field  drains  and  springs, 
and  be  drawn  from  wells.  In  a  similar  spirit,  Schulze  argued  that 
the  soluble  oonstituenta  of  manures  mnst  often  exert  a  considerable 
influence  upon  the  texture  of  soils. 

Not  only  do  the  saline  matters  in  tbe  soil  exert  an  influence  to 
preserve  tbe  mechanical  coherence  of  the  particles  of  eartb,  but  it  is 
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plain,  from  the  observations  of  Kuop  (page  477  of  Vol.  I.),  that  the 
cbeiuical  condition  of  the  soil  uud«a:goee  marked  changes  whenever 
the  saline  matters  are  washed  out  from  it. 

Sodium  Compovntd*  in  the  Air , 

Aa  has  heen  said,  every  soil  contains  mora  or  leea  aodiom,  which 
has  been  derived  from  the  diaintegration  of  silicates,  or  been  brought 
down  hj  nin  from  the  air.  The  air  everywhere  contains  minute 
tmces  of  commou  salt,  for  as  the  winds  pass  over  the  sea  they  take 
up  mechanically,  as  if  it  were  so  much  dust,  more  or  lees  of  the  tine 
spray  which  is  blown  from  the  tops  of  the  waves.  Some  of  the  salt 
thus  lifted  is  carried  everywhere,  even  to  the  lands  most  reniute 
from  the  oc«an.  More  of  this  salt  from  the  spiay  is,  of  course,  de- 
posited npon  land  near  the  seaboaid  than  upon  that  farther  inland. 
In  the  immediate  vicinity  of  Boeton  thera  is  so  much  salt  in  the 
soil,  and  in  the  plants  which  grow  upoTi  it,  that  there  is  seldom,  if 
ever,  any  need  of  giving  salt  to  pastured  cattle.  Hereabouts  the 
animals  will  hardly  eat  auy  of  it  if  it  is  offered  to  them,  while  a 
hundred  miles  inland  stock  kept  in  pastures  will  eat  salt  voiacioualy, 
and  will  not  prosper  unless  occasionally  fed  with  it  At  the  heart 
of  the  continent,  wild  animals  used  to  travel  many  miles  to  the  salt 
licks. 

There  are  cheop  kinds  of  salt  that  are  sold  purpoeely  to  be  nsed 
as  fertilizers.  It  is  said  that  they  should  not  be  applied  in  larger 
quantities  than  at  the  rate  of  300  to  600  lb.  to  the  English  acre. 

In  the  vicinity  of  Boston  several  maiket  gardeners  are  said  to 
find  their  advantage  in  pumping  brackish  water  from  the  tidal  riv- 
ers for  irrigating  cabbages,  cauliflowers,  tomatoes,  celery,'  horse- 
rodish,  and  onions.  For  these  particular  crops  the  saline  water  ia 
preferred  to  fresh  water.  It  is  often  applied  so  freely,  that  the 
ground  on  drying  becomes  white  with  salt.  Mature  plants  of  the 
kinds  above  mentioned  are  not  iiijored  ;  but  it  ia  aaid  that  the  salt 
water  would  kill  even  these  plants  if  it  were  applied  to  them  when 
young.    Melons  are  said  to  be  killed  by  it  at  all  times. 

The  power  of  some  kinds  of  plants  to  resist  the  injurious  action 
of  salt  is  noteworthy.  Asparagns  is  a  case  in  point.  Many  people 
uau  salt  to  manure  their  aspar^ro^  beds,  but  it  is  commonly  thought 
nowadays  that  the  salt  acts  in  this  case  chiefly  to  destroy  weeds. 
The  &ct  that  the  cocoarnut  tree  can  bear  salt  water  has  often  been 
noticed.  As  long  ago  as  1688,  Dampier  wrote  os  follows  of  an 
>  Compare  Bulletin  of  the  Biuary  Institation,  II.  170. 
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island  near  Sumatra:  "This  tsknd,  Ttiste,  is  not  a  mile  roimd, 
and  BO  low  that  the  tide  flows  clear  over  it.  It  is  of  a  sandy  soil, 
aud  full  of  cocoa-nut  trees.  The  nuts  are  but  siuall;  yet  sweet 
enough,  full,  aud  more  ponderous  than  I  ever  felt  any  of  that  big- 
ness, notwithstanding  that  every  spring  tide  the  salt  water  goes  cleat 
over  the  island." 

Salt  at  a  Gtrmieide. 

It  is  still  an  open  question  as  to  how  much  good,  if  any,  is  to  be 
attributed  to  salt  as  a  means  of  destroying  fungi  and  insects  when 
used  in  such  comparatively  small  quantities  as  are  commonly  ap- 
plied to  the  land.  It  is  not  impossible  that  there  may  be  some- 
thing in  the  idea,  since  it  is  a  well-known  fact  that  strong  brine  will 
destroy  many  fungi  and  spores  of  fungi  that  are  injurious  to  plants. 
The  following  statement  as  to  the  usefulness  of  salt  was  made  a  few 
years  since  by  one  of  the  most  successful  planteis  at  the  South. 

"  1  have  used  salt,"  he  says,  "  for  fifteen  or'more  years.  I  find  it 
easeutial  to  success  on  all  lands  like  mine,  and  most  of  the  cotton 
lands  are  like  mine.  300  lb.  of  salt  and  200  lb.  of  plaster  are 
almost  a  total  preventive  of  rust,  which  is  one  of  the  worst  enemies 
the  planter  has  to  contend  with.  Salt  makes  cotton  bear  longer  in 
the  season,  and  stand  drought  better ;  it  increases  the  quantity,  and 
improves  the  quality.  It  acta  equally  well  on  com,  oats,  and  other 
grains,  and  it  toughens  wheat  straw  so  that  there  is  less  waste  frum 
card  breaking  off  when  the  crop  is  cut." 

But  here  again  chloride  of  potassium  might  perhaps  do  better 
service  than  chloride  of  sodium. 

Common  salt  is  said  to  have  been  used  at  one  time  to  a  consid- 
erable extent  in  Switzerland  as  an  addition  to  the  liquid  that  drains 
out  of  the  dung-heaps  iiito  pits  which  are  made  to  receive  it.  The 
mode  of  action  of  the  salt  in  this  case  has  not  been  explained,  but 
f!<>od  efiects  are  said  to  result  in  practice  from  its  use.  Posuhly  it 
acts  as  a  preservative  by  hindering  fungi  from  acting  on  the  manure. 
Probably  some  of  the  Staasfurt  products  would  be  better  for  this 
purpose  than  salt 

Action,  of  Salt  and  Lime  in  Soil*. 

The  action  of  a  mixture  of  salt  and  lime  in  compost  heaps  has 
already  been  explained  as  due  to  the  formation  of  a  small  quantity 
of  caustic  soda,  which  causes  the  peat  or  other  organic  matter  to  fer- 
ment. But,  as  has  been  said  before,  chloride  of  potassium  would 
jMrhaps  he  better  than  chloride  of  sodium  to  use  with  the  lime ; 
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and  it  would  probkbly  be  more  adrantageous  to  buy  canetio  soda 
outright  or,  better  still,  to  ba;  caustic  potash,  which  is  equally 
strong  with  soda  aa  an  alkali,  and  is  a  true  manure  into  the 
bargain. 

It  is  to  be  noted,  however,  that  this  power  of  salt  and  lime  to 
react  upon  one  another  iu  presence  of  porous  bodies,  with  forma- 
tion of  an  easily  soluble  alkaU,  such  as  soda  or  carbonate  of  soda, 
may  explain  a  certain  class  of  cases  in  which  salt  has  proved  effica- 
cious as  manure.  In  this  way,  when  salt  is  applied  to  a  limestone 
Boil,  there  may  really  be  given  to  the  land  a  dressing  of  carbonate 
of  soda,  and  of  the  efficacy  of  this  substance  to  promote  the  decay 
of  humns  and  the  dlsint^ration  as  well  as  binding  of  the  soil  there 
can  be  no  question. 

Indeed,  it  is  hard  to  escape  the  conviction  that  there  must  be 
Boils  the  fertility  of  which  is  promoted  in  this  way.  For  it  is  seen 
in  alkali  deserts  that  the  reaction  between  salt  and  limestone  does 
really  occur  in  nature ;  the  only  trouble  in  this  special  case  being 
that  the  reaction  is  too  strong  for  the  purposes  of  agriculture.  So 
much  of  the  soluble  alkali  has  been  formed  in  these  coses  that 
plants,  or,  at  the  least,  the  testure  of  the  soil,  have  been  destroyed 
by  it.  But  inasmuch  aa  it  is  known  that  small  quantities  of  the 
alluline  soda  carbonate  may  be  beneficisl  both  to  plants  and  to 
some  soils,  it  seems  plain  that  this  substance  must  sometimes  con- 
duce to  fertility,  even  when  it  has  been  formed  naturally.  It  is 
difficult  not  to  believe  that  there  are  somewhere  in  the  world  local- 
ities where  the  reaction  between  salt  and  limestone  may  occur 
habitually  in  the  proper  degree.  One  merit  of  the  soda  carbonate 
is,  that  it  can  dissolve  to  an  appreciable  extent  phosphate  of  iron 
such  as  is  formed  in  the  soil. 


CHAPTER   XI. 

TBEOBT  07  THE  BOTATION  OF  CBOPS. 

Bbsidb  tillage  and  the  use  of  fertilizers,  there  are  variona  other 
methods  of  increasing  the  yield  of  crops ;  and  one  of  the  most  im- 
portant of  these  methods  is  the  growing  of  different  Unds  of  plants 
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from  one  ywr  to  another  upon  a  given  field,  instead  of  taking  one 
and  the  same  kind  of  crop  continually  from  the  land,  yeai  after 
year. 

When  this  "  rotation  of  crops "  waa  practised  systematically  and 
strenuously,  so  to  Bay,  according  to  well-eatablifihod  rules  and  coa- 
toms,  as  was  done  formerly  in  many  parts  of  Europe,  the  idea  waa 
to  divide  the  &rm  into  as  many  parts,  or  divisions,  aa  there  were 
kinds  of  crops  to  be  grown,  and  to  raise  a  different  crop  apon  each 
division  every  year.  Suppose,  for  example,  the  rotation  were  one 
of  five  yeara,  the  farm  would  be  divided  into  five  "shifts,"  as  the 
£n(^h  term  is,  and  the  crop  of  the  present  year  —  wheat,  for  ex- 
ample — would  be  grown  upon  diviajon  No.  1  ;  next  year  it  would 
be  grown  upon  division  No.  2,  and  so  on  ;  while  the  next  crop  in 
the  series,  whatever  it  might  be,  would  follow  the  wheat  That  is 
to  say,  this  next  crop  would  be  on  division  No.  5  this  year,  and  on 
Ho.  1  next  year.  On  the  sixth  year  wheat  would  get  back  to 
division  No,  1. 

Practically,  it  should  be  said,  the  entire  &rm,  if  it  were  at  all 
large,  was  seldom  thus  divided  in  groes  for  the  purpoaee  of  rotation. 
On  the  contrary,  the  farm  was  first  divided,  according  to  the  lay  of 
the  land  and  the  charaoter  of  the  soil,  into  several  great  sections, 
and  each  of  these  sections  was  divided  in  its  turn  into  the  separate 
fields,  or  shifts,  just  spoken  ot  By  proceeding  in  this  way,  it  was 
possible  to  distribute  the  crops  to  better  advantage,  and  to  have 
each  of  them  represented  every  year  upon  different  parts  of  the 
farm,  so  that,  no  matter  what  kind  of  weather  might  be  vouchsafed, 
each  crop  would  have  opportunity  to  succeed  somewhere  upon  the 
form. 

Every  year  just  so  many  acres  are  laid  down  to  wheat,  to  rye,  to 
flax,  to  clover,  or  what  not ;  and,  taking  one  year  with  another, 
tolerably  definite  and  determinate  yields  are  to  be  expected  from 
each  of  the  crops,  so  that  a  constant  number  of  cattle  may  always 
be  kept,  just  eo  much  mannre  will  be  made,  just  eo  many  products 
sold,  and  just  so  much  income  be  counted  upon.  Alt  this  tends,  of 
course,  to  fixed  and  constant  work  and  resnlte,  not  to  say  to  rigidity 
of  method  and  action. 

We  have  now  to  inquire  why  it  was  that  the  &rmere  took  all 
this  trouble ;  for,  assuredly,  it  would  seem  to  be  more  natural  for 
them  not  to  have  tied  themselves  up  in  such  complex  arrangements, 
but  to  have  grown  their  crops  where  they  pleased  and  when  they 
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pleased.  SoToral  of  the  more  important  facts,  upon  which  the  th&- 
oiy  of  the  whole  subject  of  rotatioD  m&y  be  said  to  depend,  may  he 
enunciated  as  follows.  Some  kinds  of  plants  require  much  less 
food  than  others.  Or,  rather,  they  con  prosper  when  neither  table 
nor  larder  is  spread  or  filled,  i.  e.  iu  eitoations  where  very  little 
food  is  placed  at  their  immediate  disposal  Look  at  the  cactusee 
of  the  desert,  for  example,  and  at  the  beach-grase  that  grows  ou 
drifting  saud^unee,  and  at  the  pitch-pine  trees  of  the  sand-hilla 
of  Kew  Ei^fland. 

Good  instances  of  plants  whose  habits  are  utterly  unlike  those  of 
these  hardy  pioneen  ate  to  be  seen  in  various  ornamental  trees 
which  have  been  brought  to  this  oountry  from  Europe,  such  as 
the  botse-chestnut  and  the  sycamore-maple  (Acer  peeudo-platanos). 
Both  these  trees  thrive  in  cultivation  in  the  vicinity  of  Boeton,  and 
they  seed  freely ;  and  when  the  seeds  happen  to  fall  upon  rich  land 
they  germinate  readily  enough,  and  grow  until  the  saplings  are  cut 
off  by  the  gardener's  hoe  or  the  mower's  scythe.  Neither  of  these 
trees  has  become  natuialized  to  the  locality,  although  the  horse- 
chestnut  at  least  has  been  a  &vorite  tree  here  during  many  gen- 
erations. To  all  appearance,  the  trouble  is  that  these  particular 
trees  require  rich  land  when  young,  and  that  they  cannot  get  started 
in  life  ou  poor  soils,  or  in  waste  and  neglected  places. 

Then,  again,  different  kinds  of  plants  differ  widely  as  to  their 
power  of  drawing  food  from  one  and  the  same  soil  Compare,  for 
example,  the  desert  plants  just  spoken  of  with  the  ordinary  plant* 
of  cultivation ;  or,  among  the  agricultural  plants  contrast  buck- 
wheat, rye,  oats,  or  lupines,  which  will  grow  on  extremely  poor 
soils,  with  the  crops  that  require  richer  feeding.  Bye  and  buck- 
wheat can  be  grown  with  profit,  ns  may  be  seen  every  year  in  New 
England  and  in  Northern  New  York,  on  soils  where  most  other 
crops  would  starve. 

Conversely,  there  are  crops,  such  as  wheat  and  barley,  that  must 
not  be  fed  too  richly,  lest  they  run  to  straw  and  produce  no  ade- 
quate yield  of  grain.  Years  ago,  when  wheat  was  commonly  grown 
in  Europe  on  a  clean  bare  follow,  to  which  a  certain  amount  of 
mannre  was  applied,  it  seemed  to  the  men  who  practised  this  sys- 
tem of  husbandry  that  a  limit  had  been  wt  to  the  amount  of  wheat 
that  could  be  grown  on  an  acre  of  laud.  They  found  themselves 
nnable  to  force  the  wheat  to  yield  more  than  a  certain  tolerably 
definite  quantity  of  grain,  for  the  moment  they  applied  to  the  land 
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any  more  than  the  osual  quantity  of  dnng,  their  wheat  was  apt  to  fkil, 
because  the  plants  nn  to  leaf  aud  lodged  befon  coming  to  mattmty. 

Otie  of  the  most  important  improvements  in  the  practice  of  rota- 
tion has  depended  on  the  discovery  that  it  is  only  when  mauure  is 
applied  directly  to  the  wheat  crop  that  it  causes  the  trouble  now  in 
question.  In  point  of  Ikct,  it  was  found  out  long  ago  that  much 
better  crops  of  wheat  than  were  previously  obtuned  can  he  grown 
by  applying  an  abundance  of  manure  to  certain  preparatory  crops, 
such  aa  horse-beans  and  clover,  which  do  not  suffer  from  very  heavy 
dressings  of  dang,  and  which  leave  the  land  in  excellent  condition, 
both  physically  and  chemically  speaking,  for  the  growth  of  wheat 

It  is  not  easy  to  conceive  of  the  causes  of  differences,  such  as  the 
foregoing,  in  the  power  of  plants  to  procure  food  from  a  given  store, 
unless  they  are  in  some  way  connected  with  differences  in  the  very 
stnictUTs  of  the  planto  themselves.  It  is  plain,  at  all  events,  that, 
in  studying  rotations,  the  peculiar  characters  and  habits  of  growth 
of  the  several  crops  need  to  be  kept  in  view  aa  carefully  as  the 
chemical  constituents  of  the  soil,  or  of  the  manure  that  Is  put  upon 
it,  for  the  power  of  each  particular  crop  to  assimilate  materials  from 
the  soil  is  really  the  prime  consideration. 

As  is  manifestly  tlie  case  with  the  wheat  plants  just  mentioned 
in  their  relations  with  dung,  it  may  be  said  in  general  that  the  snc- 
cess  of  a  given  crop  may  depend  largely  upon  the  quality  of  the 
ohemical  constituents  of  a  soil,  rather  than  upon  their  kind  or  theii 
quantity.  It  is  conceivable,  for  example,  that  wheat  may  feed 
better  upon  one  combination  of  nitrogen,  or  of  phosphoric  acid,  or 
of  potash,  than  upon  another.  Possibly  it  might  do  better  with 
ammonium  salts  than  with  nitrates ;  better  with  diphosphate  of  lime 
than  with  triphosphate,  or  with  the  double  silicates  that  contain 
potash  than  with  the  double  bumates.  But  by  long-continued  ctil- 
tivation  of  the  wheat  (or  of  any  oUier  one  crop)  thera  may  be  estab- 
lished, by  mere  exclusion  as  it  were,  a  vicious  set  of  combinatioua 
in  the  land.  Perhaps  the  so-called  "  dorer-sick  "  land  may  be  a 
case  in  point. 

It  need  hardly  be  said,  moreover,  that  different  soils  differ  widely 
as  to  the  amount  of  assimilable  plant-fuod  contained  in  them,  ac- 
cording as  manure  has  or  has  not  been  recently  applied ;  or  that, 
trxtm  the  different  styles  of  roots  of  different  plants,  different  meth- 
ods of  feeding  must  result.  It  is  a  popular  impression  that  some 
plants^  like  Inoem,  and  several  other  kinds  of  clover,  throw  out 


jbvGooglc 


8TBUCTDKE  OF   BOOTa  173 

such  large  sod  long  and  nameraas  roota  that  they  an  able  to  ex- 
tract nounahm«nt  fram  a  large  bulk  of  soil.  We  may  oontiast,  for 
example,  the  very  different  habit  of  growth  of  loot  crape,  such  as 
turnips,  beets,  carrots,  and  parsuipa,  and  that  of  the  giain  crops ;  or 
we  may  look  at  Bome  wild  plants,  like  the  beach-pea,  that  has  enor- 
mously long  roots,  with  which  it  searches  for  food  iar  and  wide 
among  the  stones  at  the  beads  of  beaches ;  or  like  the  hoiae-tail  or 
'  Bcouiing-rush  of  wet  sandy  places,  which  has,  as  the  fanners  say, 
no  end  of  roots.  So  it  is  probably  with  many  of  the  weeds  that 
grow  in  what  botanists  call  waste  places. 

Structure  of  Plant  RooU. 

The  study  of  the  structure  of  the  roots  of  plants  is  extremely 
import&Dt,  but  so  difficult,  or  rather  so  tedious,  that  comparatively 
few  irreproaohable  experiments  concerning  it  appear  to  have  been 
made  hitherta  It  has  been  cleaity  made  out,  however,  that,  when 
the  condition  of  the  soil  permits  their  perfect  development,  roots 
grow  according  to  definite  architectural  plans,  which  are  just  as 
symmetrical  and  cbaiacteristic  for  each  particular  kind  of  plant 
as  the  forms  which  are  assumed  by  the  plants  above  ground  in  re- 
spect to  the  anaogements  of  their  stems,  branchea,  twigs,  and  leaves. 
(Hetlriegel.) 

It  has  been  found,  for  instance,  on  comparing  the  network  of 
roots  of  barley,  buckwheat,  and  clover  plants  of  similar  age,  and 
grown  under  conditions  iavorable  for  perfection,  that  the  three  ob- 
jects are  as  different,  as  well  characterized,  and  as  easily  distin- 
guishable one  from  another,  as  the  plants  themselves.  Plants  as 
nearly  related  as  peas,  lupines,  and  horse-beans  have  systems  of 
roote  which  are  very  unlike,  and  the  same  remark  is  doubtless  true 
of  moat  other  plants.  AH  this  on  the  supposition  that  the  roots  are 
growing  in  a  light  soil,  of  homogeneous  character  both  as  to  tilth 
and  feitiUty. 

The  very  first  roots  that  form  are  thrown  out  without  any  refer- 
ence to  the  amount  of  plant-food  in  the  soil.  They  will  grow  as 
well,  or  better,  in  moistened  sand  as  in  loam.  Indeed,  it  is  noticed 
by  gardenera  that  more  roots  seem  to  be  formed  at  the  start  in  ster- 
ile soils  than  in  soils  which  are  fertUe.  It  is  only  after  the  roots 
have  attained  a  certain  development  that  they  are  apt  to  linger  in 
the  vicinity  of  any  special  store  of  food  which  they  happen  to  meet 
in  the  soil,  and  to  grow  there  more  freely  than  in  the  comparatively 
barren  earth  annnd  it. 
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It  must  not  be  forgotten,  however,  that  the  power  of  roots  to 
adapt  themselves  to  circumstances  is  veiy  considerable,  or  that  the/ 
do  habitually,  and  as  a  rale,  develop  most  freely  in  those  directions 
where  there  is  least  resistance  to  their  pn^ress ;  i.  e.  where  the  soil 
a  open  aod  mellow,  and  in  spots  where  there  are  abundant  supplies 
of  food,  and  a  sufficiency  of  moisture.  Thus  it  happens  that  the 
roots  of  any  given  plant  may  sometimes  be  found  to  have  grown 
near  the  surface  of  the  soil,  and  at  other  times  at  lower  depths. 
Indeed,  it  may  be  said  of  actual  field  practice,  that,  in  most  in- 
stances, the  manner  of  the  development  of  the  roots  of  a  crop  de- 
pends more  upon  the  condition  of  the  soil  than  on  any  inherent 
peculiarity  of  the  crop. 

One  prime  diCerence  in  the  structure  of  roots  depends  upon  the 
bet,  that,  while  many  kinds  of  plants  send  down  vertically  a  strong 
tap-root,  with  which  the  body  of  rootlets  is  more  or  less  intimately 
connected,  other  kinds  have  no  such  central  axis,  but  send  out  at 
once  several  or  many  branching  roots,  any  one  of  which  is  as  good 
OS  either  of  the  others.  Upon  these  main  stems,  as  it  were,  the 
subordinate  roots  are  arranged  in  regular  rectilinear  rows,  which 
manifestly  stand  in  some  kind  of  relation  with  the  twigs  and  leaves 
above  ground.  Indeed,  the  length  and  magnitude  of  the  roots  of 
any  plant  must  depend  ultimately,  in  any  given  case,  on  the  vigor 
and  general  prosperity  of  the  plant.  Other  things  being  equal, 
large,  well-developed  plants  will  have  more  abundant  roots  than 
smaller  or  less  satisfactory  specimens. 

The  number  of  rows  or  series  of  subordinate  roots,  and  their  po- 
sitions upon  the  main  roots,  are  different  in  each  kind  of  plant,  and 
form  a  characteristic  feature  or  peculiarity  of  the  plant.  Some 
plants  throw  out  lateral  roots  with  great  regularity,  and  at  small  dis- 
tances from  one  another ;  while  in  other  kinds  of  plants  there  are 
wide  interspaces,  and  the  arrangement  is  irregular. 

In  some  plants  the  subordinate  roots  grow  with  equal  degrees  of 
rapidity,  so  that  the  oldest  are  slways  the  longest,  and  tho  soonest 
beset  with  rootlets ;  while  with  other  plants  the  growth  of  par- 
ticular roots  is  much  mora  rapid  than  that  of  others.  Sometimes 
these  free-growing  roots  are  always  the  uppermost  or  oldest,  while 
in  other  plants  it  is  the  lower  and  younger  roots  which  exhibit  this 
peculiarity. 

According  to  Hellriegel,  it  is  a  mistake  to  classify  plants,  as  has 
sometimes  been  done,  as  those  which  ore  deep-rooted  or  shollow- 
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rooted  according  as  they  have  tap-ioote  or  not  Graiu  plants,  fbi 
example,  hare  no  tap-roots.  They  send  oat  at  ouce,  when  vigor- 
ous, as  many  as  20  oi  30  branchiug  roots,  which  drive  downward, 
often  to  great  depths,  when  the  conditions  are  favorable.  Fiom 
these  main  roots  other  toots  of  varying  degrees  of  magnitude  are 
thrown  out,  which  are  hardly  any  shorter  than  the  main  roots, 
though  finer. 

Depth  to  which  RooU  of  Grain  penetrate. 

Ifany  larmers  have  put  upon  record  their  astonishment  on  no- 
ticing the  ^eat  depths  to  which  grain  roots  penetrate.  Mr.  Cham- 
berlain, formerly  of  Ohio,  having  occasiuu  to  lay  some  thre«  miles 
of  tde  drain  three  feet  deep  in  a  tield  of  hard,  stiff  clay,  upon  which 
wheat  Itad  been  grown  that  year  and  the  year  before,  noticed  that 
every  spadeful  of  earth  thrown  out  of  tile  trenches,  even  that  &om 
the  bottom,  course,  was  full  of  fine  wheat  roots,  both  live  roots  from 
that  year's  crop  and  half-decayed  roots  from  the  plants  of  the  pre- 
vious year.  How  much  deeper  than  3^  feet  the  roots  went,  Ur. 
Chamberlain  did  not  try  to  determine.  At  the  time  of  these  obser- 
vations the  surface  of  the  land  was  veiy  dry.  There  had  been  no 
rain  for  a  month  ;  but  at  a  depth  of  three  feet  the  soil  was  fairly 
moist,  and  even  at  two  feet  there  was  a  good  supply  of  capillary 
dampness. 

It  is  plain  from  all  tliis  that  there  b  no  cause  for  surprise  that 
wheat  should  habitually  stand  drought  well,  especially  on  clayey 
loam. 

In  1S51,  Schubart,  a  German  farmer,  made  measurements  of  vari- 
ous roots  which  he  washed  out  from  the  soil  of  fields  where  the 
crops  were  growing.  He  found  that  the  roots  of  wheat  sown  late 
in  September  extended  to  the  depth  of  7  feet  Ehenish  in  a  subsoil 
composed  of  sandy  loam,  while  in  a  somewhat  stiffer  subsoil  they 
went  no  deeper  than  6  feet.  In  other  trials,  wheat  sown  at  the  end 
of  September  had  roots  3  ft.  2  in.  long  at  the  end  of  April,  and  that 
sown  at  the  end  of  October  had  roots  2  ft.  11  in.  long.  Six  weeks 
later,  i.  e.  at  the  middle  of  June,  the  roots  of  the  early  sown  wheat 
were  3  ft  11  in.,  and  those  of  the  late  sown,  3  ft  7^  in.  The  soils 
in  these  cases  were  stiff  loams. 

Rye  sown  at  the  end  of  August,  in  deep  loam,  had  roots  3  to  4 
feet  long  in  November  of  the  same  year,  althongh  the  leaves  oi 
the  plants  bad  only  reached  a  height  of  about  one  foot.  At  the 
same  time  rye  that  had  been  sown  four  weeks  later  had  roots  &om 


jbvGooglc 


176  AGSICULTUBE. 

1}  ht  2^  feet  long,  and  leaves  4  to  6  inches  iiigb.  Bya  sown  at  the 
middle  of  September,  on  heavy  land,  bad  roots  3  ft.  9  in.  long  at  the 
eud  of  the  following  April,  and  they  weta  only  half  an  inch  longer 
at  the  middle  of  June. 

Rapid  Deoehpment  of  Young  Soots, 

The  Tapidity  with  which  the  roots  of  the  yuuug  groin  plante  were 
developed  in  these  instances  illustrates  a  very  general  fact,  which  is 
trae  of  most  agricultural  plants,  viz.  that  in  early  youth,  after  a  few 
leaves  have  been  put  forth,  planta  devote  themselves  specially  to 
the  development  of  a  powerful  syatem  of  roots  before  eOxy  very  ex- 
tensive growth  of  leaves  or  stem  occurs  above  ground.  The  shoot- 
ing of  grain,  for  example,  does  not  take  place  until  after  many  roots 
have  been  developed. 

The  fact  now  in  question  has  been  proved,  not  only  by  meaaoring 
the  routs,  but  even  more  emphatically  by  weighing  them.  That  is 
to  say,  on  contrasting  the  weight  of  the  roots  day  after  day  with 
the  weight  of  the  stems  and  leaves,  it  has  been  found  that,  while  the 
proportion  of  roots  is  very  lai^  when  the  plant  is  young,  it  dimin- 
ishes constantly  as  the  plant  grows  older.  In  the  case  of  annual 
plants,  the  formation  of  roots  seems  to  be  finished  by  the  time  when 
ripening  b^ius. 

Schubart  found  that  garden  peas  sown  early  in  April,  in  stiff 
loam,  had  roots  10  to  13J  inches  long  at  the  end  of  a  month,  and 
30  to  22  inches  at  the  eud  of  two  mouths.  When  the  plants  were 
iu  blossom,  their  roots  were  i  feet  long. 

Clover,  examined  at  the  beginning  of  April,  the  year  after  it  had 
been  sown,  in  not  very  heavy  loom,  had  roots  3  ft.  6  iu.  long ;  while 
that  sown  two  years  before  bad  roots  3  ft.  10  in.  long. 

The  roots  of  orchard  grass  and  timothy  have  been  traced  to  depths 
of  4^  feet,  and  those  of  other  graasea,  notably  Ei^lish  ray  grass,  to 
a  depth  of  4  feet  Rhenish. 

Heinrich  also  grew  plants  of  barley,  oats,  and  pess  in  separate 
boxes,  13  feet  deep,  that  were  filled  with  sifted  garden  earth,  and 
finally  washed  a^ray  the  earth  from  the  roots  of  the  ripe  plants. 
His  results  are  given  in  the  table. 
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H^micli  argues  from  tbeea  results,  uid  from  the  behavior  of  the 
two  crops  in  field  culture,  that  the  roots  of  oats  are  probably  bettra 
able  thau  those  of  barley  to  overcome  obstacles  in  the  soiL 
Volitme  of  Grain  Root*. 

Hellriegel,  in  his  turn,  in  order  to  get  an  idea  as  to  the  Tolome  of 
roots  of  grain  plants,  grew  barley  and  oats  In  large  jars  of  fertile 
earth  whence  he  washed  out  and  measured  the  roots.  Ezpressing 
his  results  in  terms  of  total  length,  be  found  that  the  roots  of  a 
single  well-grown  matnre  barley  plant,  laid  oat  as  a  single  straight 
line,  were  more  than  liO  feet  long.  In  another  trial,  where  the 
soil  was  leas  fertile  and  the  growth  of  the  plants  leas  satisfactory, 
the  length  of  root  was  80  feet  to  the  plant. 

In  general,  as  would  uaturally  be  expected,  the  smaller  tbe  plant, 
•0  much  the  shorter  will  be  its  roots.  The  roots  of  the  oat  plant  he 
found  to  be  16i  feet  long  at  that  period  of  growth  wheu  the  Bt«m 
was  banning  to  shoot,  125  feet  when  the  plaut  was  in  blossom, 
and  190  feet  when  it  was  ripe.  The  fact  that  fewer  roots  were 
found  as  the  plant  grew  older  is  attributable  in  part,  perhaps,  to 
imperfections  in  the  method  of  measurement,  and  in  part  to  the 
premature  dying  of  some  of  the  roots  in  the  jars  of  earth  in  which 
the  plants  were  grown. 

The  most  surprising  fact  brought  out  by  the  research,  however, 
was  tbe  completeness  with  which  the  roots  of  these  grain  planta  per- 
vaded all  parte  of  the  earth  which  was  at  their  disposal  in  the  jars. 
In  garden  earth,  for  example,  200,000  millimetres  of  barley  roots 
occupied  3,600,000  cubic  mm.  of  soil,  i  e.  there  was  1  mm.  of  root 
to  every  19  cubic  mm.  of  esrth.  In  other  words,  each  millimetre 
of  root  had  at  its  disposal  a  cylinder  of  earth  1  mm.  high  and 
b  mm.  in  diameter,  or  it  might  be  said  that  on  either  side  of  the 
root  there  was  no  more  than  2^  mm.  of  earth. 

In  tbe  case  of  oats,  each  mm.  of  root  had  rather  less  than  21 
cubic  ram.  of  earth  at  its  disposal.  In  fertilized  sand  the  utilimtion 
of  space  by  the  roots  was  even  more  remarkable,  each  mm.  of  the 
roots  of  middle-aged  and  mature  barley  plants  having  here  no  more 
than  7.7  mm.  sand  at  its  disposaL 

RooU  of  Peat,  Bearu,  and  Lupinn. 

Hellri^el  studied  tbe  forms  of  pea,  lupine,  and  hoise-bean  roots 
by  growing  the  plants  in  moistened  sawdust  that  bad  been  slightly 
compressed,  and  obtained  results  of  no  little  interest. 

Tlie  pea  has  a  strong  tap-root,  which  is  covered  thickly  and  tol- 
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acably  regulaily  from  the  baguming  with  lateral  roots,  most  of 
which  start  from  the  crown  or  oldest  part  of  the  tap-root  A  com- 
paratively Binall  number  of  the  euboidinate  roots  grow  rapidly,  and 
attain  considerable  length.  The  formation  of  side  roott  springing 
&oia  the  tap-root  continues  with  tolerable  regularity  as  the  plant 
grows  older,  though  these  side  roots  are  now  not  so  close  together 
as  they  were  at  the  crown.  The  throwing  out  of  some  exception- 
ally vigorous  lateral  roots  is  a  characteristic  peculiarity  of  the  pea, 
and  some  of  these  roots  grow  to  be  as  long  and  as  large  as  the  tap- 
root iteelf,  and  they  have  as  many  rootlets  also.  The  general  efiect 
of  the  pea  roots  is  that  presented  by  a  stem  veiy  thiclily  beeet  with 
hiauchee.  The  appearance  of  the  roots  indicates  that  any  damage 
or  disturbance  experienced  at  one  part  of  the  net  or  mat  would 
quickly  be  made  good  or  compensated  for  by  tlie  action  of  some 
other  part ;  and  this  suppoaitiou  was  found  to  be  correct,  on  placing 
obstructions  in  the  way  of  the  roots. 

The  bean,  like  the  pea,  sends  down  a  strong  tap-root,  from  th« 
crown  of  which  numberless  side  roots  are  tbrowo  off,  with  great 
regularity.  These  side  roots  are  stronger  and  stiffer  than  those  of 
the  pea,  and  their  growth  is  more  uniform  and  leas  energetic  than 
is  the  case  with  pea  roots.  As  the  tap-root  extends  downward,  the 
side  roots  are  thrown  out  at  wider  and  wider  intervals,  so  that  the 
thickness  of  the  root-mat  diminislies  from  above  downward. 

Each  of  the  the  side  roots  of  the  bean  grows  about  as  fast  as  the 
others,  and  the  absence  of  exceptionally  long  and  powerful  roots 
ilistinguishea  the  bean  very  clearly  from  the  pea.  liie  general  ap- 
pearance of  Uie  bean  roots  is  that  of  a  symmetrical  cons  inverted, 
with  a  dominant  tap-root  at  the  centre.  So  well  provided  is  the 
bean  plant  with  roots,  that  it  is  not  likely  to  suffer  much  harm 
when  partial  obstmotions  are  encountered  in  the  soil,  or  when 
some  of  the  rootlets  are  injured ;  but  the  t^root  of  the  bean  is 
so  much  more  prominent  and  important  than  that  of  the  pea,  that 
any  injury  to  this  organ,  or  impediment  in  the  way  of  it,  would 
do  harm. 

The  yellow  lupine  has  very  different  roots  ftom  either  peas  or 
beana.  There  is  first  of  all  a  thick,  powerful,  hairy  tap-root,  which 
goes  down  to  a  considerable  depth  before  any  lateral  roots  are 
thrown  out.  About  the  time  when  the  third  leaf  appears,  side 
roots  begin  to  be  sent  out  from  the  lower  half  of  the  tap-root,  often 
from  the  lowest  quarter  of  it ;  but  these  side  roots  are  extremely 
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sparae  ami  inegnUr.  As  the  plant  growa  larger,  the  tep-ioot  still 
lemains  dominaut,  though  side  roots  grow  nthsTtuoTe  freely  than 
before.  They  never  get  to  be  ao  thick  as  those  which  spring  from 
the  crown  of  the  tap-root  of  peas  and  beans. 

Unlike  peas  and  beans,  the  most  energetic  growth  of  the  lupine 
root  is  nut  at  the  top  or  oldest  port  of  the  root,  hut  below,  far  away 
from  the  crown,  aud  this  peculiarity  becomes  more  and  more  evident 
as  the  plant  grows  older.  As  compared  with  the  highly  symmetri- 
cal beau  roots,  those  of  the  lupins  appear  irregular  and  confused. 
It  seems  probable  that  the  loss  of  rootlets  would  be  felt  much  more 
keenly  by  lupines  than  by  pees  or  beans,  and  that  the  plant  is  con- 
sequently less  well  fitted  to  cope  with  mechanical  obstructions  than 
either  of  them. 

Clowr  RooU. 

The  roots  of  red  clover  are  said  to  resemble  those  of  the  pea  in 
outward  appearance.  The  clover  plant  develops  a  full  set  of  roots 
during  the  fint  year  of  its  life,  as  if  it  were  an  annual  plant,  and 
in  subsequent  years  there  is  an  analogous  development  of  roots 
every  spring  afier  the  plant  has  first  thrown  out  the  shoots  which 
come  from  the  store  of  nourishment  that  has  been  kept  over  winter 
in  the  tap-root. 

When  the  crop  is  mown,  the  case  is  somewhat  different.  By 
growing  clover  in  glass  jars  it  can  be  seen  that  every  time  the  plants 
are  mown  they  enter  upon  a  new  course  of  life.  Before  a  single 
leaf  or  shoot  appears  above  ground,  there  is  an  energetic  exhibition 
of  new  life  below  the  surface  of  the  earth,  where  a  multitude  of 
rootleta  are  thrown  oat  in  every  direction  ;  whence  it  seems  plain, 
that  the  soil  at  the  disjmsition  of  a  clover  plant  must  finally  come 
to  be  pretty  fully  occupied  with  rootlets. 

From  the  veiy  fact,  then,  that  the  clovers  are  perennial  plants,  it 
would  appear  that  they  must  take  up  food  in  a  somewhat  different 
way  from  the  ordinary  annnal  plants,  such  as  wheat  or  oats.  The 
roots  of  annuals  die  as  soon  as  the  seed  has  ripened.  They  have 
hat  a  single  season  in  which  to  accomplish  the  work  of  a  life.  But 
the  routs  of  perennial  plants  live  on  year  after  year,  and  they  send 
out  new  roots  and  rootlets  with  considerable  freedom  on  occasion. 
Hence  it  happens  that,  although  ths  roots  of  perennial  plants  do 
nut  necessarily,  or  even  habitually,  go  deeper  than  those  of  annuals, 
they  occupy  space  in  a  different  way,  and  probably  occupy  it  more 
fully.     It  is  not  liksly  that  the  soil  invsded  by  each  new  set  of 
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lootfl  which  are  thTOwn  out  by  clover,  for  Bx&mple,  is  precisely  the 
same  soil  as  that  occupied  by  the  previous  sets  of  Toots,  so  that  it 
may  be  said  fairly  enough  that  food  ia  continually  exti^cled  ftom 
new  stores. 

lu  oth«-  voids,  it  may  be  said  that  the  complex  of  roots  of  a 
perennial  plant  has  had  opportunity  during  the  life  of  the  plant  to 
collect  food  from  a  mnch  lai^r  volume  of  earth  than  could  possi- 
bly have  been  drawn  upon  by  the  roots  of  a  single  annual  crop. 
Moreover,  it  is  not  unreasonable  to  suppose  that  plants  already 
equipped  with  a  welt-developed  system  of  roots  may  have  a  certain 
advantage  over  young  annuals  in  times  of  droughts  If  the  surface 
soil  should  become  diy,  the  roots  of  perennials  would  natunlly 
draw  food  as  well  aa  water  from  below,  while  in  case  the  subsoil 
were  over  wet,  the  loota  would  find  food  at  a  higher  level.  If  there 
happens  to  be  hut  little  plant-food  in  the  soil,  the  crops  whose  rooto 
most  completely  fill  the  soil  will  have  the  beet  opportunity  to  ex- 
tract what  food  there  is.  All  this,  beside  the  habit  common  to 
moat  perennial  plants  of  storing  up  in  their  bulbs  or  tap-roots  a 
supply  of  food  for  next  year's  use. 

In  speaking  thus  of  the  complex  of  roots  of  a  perennial  plant,  it 
is  important  not  to  detract  from  or  confuse  in  the  least  the  funda- 
mental conception  that  the  food  of  plants  is  taken  in  for  the  most 
part  by  yonng  and  delicate  rootlete,  and  by  the  little  hairs  which 
cover  the  rootlets.  All  is,  the  more  roots  there  are,  the  more  root- 
lets will  there  be  or  have  been ;  or,  rather,  the  more  roots  there  are, 
the  better  and  the  more  complete  will  the  distribution  of  the  root- 
lets bo. 

Importanet  of  tkorvugh  Dittribiition  of  Root*. 

The  foregoing  conception  is  worthy  of  careful  consideration. 
Thus,  the  plant  itself  is  immovable.  It  needs  certain  kinds  and 
amonnta  of  food  that  must  be  taken  from  the  earth.  This  food  is 
taken  in  through  certain  active  cells  situated  for  the  most  part  near 
the  ends  of  tbe  rootlets.  Hence  it  is  evident,  unless  the  soil  ahonld 
happen  to  be  extremely  rich,  that  rootlets  should  be  sent  out  and 
scattered  in  every  direction  in  order  that  their  work  may  be  accom- 
plished to  the  best  advantage. 

There  follows  natuniUy  from  this  conception  one  important  lesson 
as  to  the  theory  of  manuring.  For  inasmuch  as  it  is  plain  that  the 
absorbent  rootlets  can  never  occupy  every  part  of  the  soil  in  which 
their  plant  is  standing,  it  is  certain  that  the  plants  of  one  single 
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particular  crop  can  never  hj  any  poeaibility  take  np  all  the  food 
which  the  soil  contains.  Hence,  in  applying  mannre  to  a  poor  eoi), 
it  will  not  do  to  argue  that  the  land  will  be  properly  treated  if  there 
be  put  upou  it  precisely  as  much  and  as  many  fertilizing  materials 
as  the  crop  will  take  off.  It  is  not  in  any  man's  power  to  put  a 
limited  amount  of  fertilizing  materials  in  precisely  the  same  places 
as  those  from  which  a  crop  hsa  taken,  or  will  take,  its  food.  Conse- 
quently, in  order  to  manuni  poor  land  well,  it  must  be  manured  tol- 
erably heavily.  Generally  speaking,  it  would  doubtless  be  the  part 
of  wisdom  to  try  to  keep  all  plough-land  in  such  condition  that  it 
should  contain  iu  the  aggr^ate  an  amount  of  available  plant-food 
equal  to  a  cousiderable  multiple  of  what  any  single  crop  could  take 
off;  because,  no  matter  how  carefully  the  land  may  be  tilled,  no 
one  crop  can  ever  gaiu  access  to  every  part  of  the  land.  But  since 
no  crop  can  ever  reach  the  whole  of  the  food,  care  should  be  taken 
to  have  such  an  excess  of  food  in  the  soil  that  the  crop  can  find 
within  reach  as  much  food  as  it  wants.  This  ai^ument  may  be 
seen  pushed  to  its  uttermost  limits  in  the  practice  of  market  garden- 
ers, who  are  accustomed  to  employ  stable  manure  in  such  enormous 
excess  that  their  crops  cannot  possibly  consume  any  large  fraction 
of  the  plant-food  that  is  contained  in  the  manure. 
Manuring  Tnainiaint  FaiUUy. 

Properly  considered,  the  purpose  of  manuring  in  ordinary  &rm 
practice  is  to  keep  up  the  fertility  of  the  fields,  and  to  miuntain 
in  the  soil  a  proper  amount  of  fermentation,  rather  than  to  create 
fertility.  It  is  the  natural  strength  of  the  land  that  insures  the 
DBceseary  excess  or  multiple  of  plant-food ;  and,  by  manuring,  com- 
pensation is  made  for  what  has  been  taken  away,  as  well  as  pro- 
vision for  maintaining  the  excess.  It  is  conceivable,  of  course, 
when  the  natural  strength  of  land  is  great,  that  the  fertility  of  such 
land  can  be  kept  up  by  adding  to  it  no  more  than  precisely  what 
the  crop  has  tiOieu  off,  or  even  by  adding  less  than  the  crop  has 
taken  off. 

Experiments  made  by  Eckenbrecher  illustiate  the  fact  that  lu- 
pines are  better  able  than  oats  to  take  food  from  the  subsoil.  Bot- 
tomless boxes,  or  frames,  were  sunk  in  the  ground,  and  filled  with 
sterile  sand,  so  that  some  plants  could  be  grown  in  s  layer  of  sand 
1^  feet  deep,  and  others  in  sand  3  feet  deep.  No  nitrogenous 
manure  was  added  to  the  sand,  but  only  the  ash  ingredients  neces- 
sary for  plant  growth.     Into  the  subsoil,  however,  nitrate  of  soda 
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wu  Btirred,  in  both  cases,  at  the  nt«  of  67  gnm>  to  the  sqoare  yard 
of  surface.    There  were  harvested  grama  of  air-dried  plants,  — 

From  i  Tud  From  1  Tu4 

I>«ptb  ur  aud.        Dgpth  of  UuuL 

Osta  (a) 077  220 

0«t«  (»} M6  ISO 

Wbite  lupiuei I,3»B  837 

Yellow  lupinu 1,147  t!37 

Whence  it  appears  that  lupiues  are  better  able  to  utilize  deeply 
buried  nltratea  thau  oate,  although  both  crops  would  have  been  well 
suited  if  the  fertilizer  had  been  somewhat  neanr  the  surface. 
DevetopnutU  of  Root*  at  different  Deptht. 
Hellrieget  studied  the  development  of  the  roots  of  plants  in  still 
another  way,  and  obtained  resulte  which  are  specially  interesting  as 
illustrating  the  very  great  influenc«  which  the  character  of  a  soil 
way  have  on  the  manner  of  growth  of  the  roots  withia  it. 

An  earth-borer,  mode  of  strong  aheetiron,  which  was  nearly  nine 
nches  in  diameter  in  the  clear  and  some  ten  inches  high,  was  thrust 
into  the  soil  of  tlie  field  where  the  crop  to  be  eicamined  was  grow- 
the  soil  outside  the  borer  was  then  dujj  sway,  and  the  latter 
turned  down  to  break  off  the  core  of  earth  within  it  The  root 
fibres  at  the  bottom  of  the  core  of  earth  ware  then  counted,  the 
earth  was  shaken  out  from  the  borer,  and  the  instrument  again 
thrust  into  the  soil  at  the  very  place  from  above  which  the  previous 
core  of  earth  had  been  taken.  The  process  of  boring  was  thus  re- 
peated until  no  more  root  llbres  could  be  found  iu  the  earth.  The 
circle  of  earth  cut  out  by  the  borer  ueasnred  62  square  inches, 
and  the  numbers  of  root  fibres  enumerated  below  all  refer  to  this 
area.  The  borings  were  made  at  times  when  the  plants  were  in 
blossom,  or  just  about  to  blossom,  i.  e.  at  a  moment  when  the 
roots  would  naturally  be  fully  developed.  Some  of  the  trials 
wera  on  high-tying  land,  13  to  100  feet  above  the  ground-water, 
and  others  were  on  low-lying  laud,  where  the  ground-water  was 
not  very  far  off. 

I.  WiiUer  Wheat  on  high  land.  The  soil  consisted  of  two  feet  of 
loamy  sand  overlying  coarse  gravelly  sand.  The  soil  proper  con- 
tained humus  to  the  depth  of  a  foot,  but  the  second  foot  of  soil  had 
no  humus.    There  were  found  at  a  depth  of 

S  iDcb«8  (in  the  losm) 890  root  fibres. 

21      "      |inloun;>snd) 200    "       " 

SI      "     (ingnvellyaaDd) 28    "      " 

39     •'     {in  gravelly  •sndj o    "      " 
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IL  Winitr  Wheat  on  tow  land.  The  soil  of  field  "A"  vm  ricli 
in  hnmiis  at  the  sur&ce,  and  consisted  of  a  foot  of  eaudy  loam,  bo- 
low  which  thera  were  one  to  two  feet  of  clayey  river  loam  overlying 
clear  sand.     There  veie  found  at  a  depth  of 

8  incha  (in  tlie  loU  proper)       .    .     .     .    65S  root  Gbrei. 

16  "  (in  river  loam) 218  "  " 

28  "  {ia  tmd) 88  "  " 

88  "  (in  mnd) 108  '*  ■' 

«  "  (witer  table) 0  "  " 

In  another  low-lying  wheat  field,  "  B,"  the  soU  conaUted  of  peikty 

humus  to  a  depth  of  17  inches,  with  a  subsoil  of  7  inches  poor  in 

humus,  beneath  which  was  a  layer  2  or  3  feet  thick  of  coarse  gravel 

overlying  blue  plastic  clay.     Here  there  were  found  at  a  depth  of 

S  iQchw  (in  the  loam) 182  root  flbrn, 

17  '■     (in  oUyey  »«i(l) 844    "      ■■ 

38     "     (in  cUyer  MUil) 14B    "      " 

81  "      (in  grsTBl) 119    "      *' 

8»      *■      (incUj) 68    "      " 

48      "      (intertable) 0    "       " 

III.  Bed  Clover  in  the  second  year  of  its  growth,  on  high  land. 
The  soil  consisted  of  two  feet  of  loamy  saud  overlying  coaree  sand. 
The  upper  half  of  the  soil  proper  contained  humus,  and  the  lower 
half  none.    There  were  found  at  a  depth  of 

9  incbei  (in  the  lonm) 874  root  GbtM. 

13      "      (in  loamy  wnd) 340     ■      *• 

28      "      (in  loemy  WDd) 185    "       " 

82  ■*      (in  coaree  »nd)  .     .....      28    "       " 

41      "      (in  worse  »nd)  ......       10    "       " 

IV.  Red  Clover  on  low-lying  land.  The  soil  consisted  of  sandy 
loam  three  feet  deep,  of  which  the  uppermost  18  inches  contuned 
humus.  Below  the  sandy  loam  there  were  3  to  3^  feet  of  clayey  river 
loam,  and  below  that  clean  sand.    There  were  found  at  a  depth  of 

9  inclies  (in  the  loun) 729  root  fibre*. 

20     "     (in  the  Mndy  lo»m)     ....      87    "      " 
24      "      (in  the  sandy  loam)      ....       ns    "      " 

32      "      (in  river  loam) 34    "      " 

40      "      (in  river  loaral 32    "      " 

43      •'     (intheaand) 74    "      " 

61      "      (water  table) 0    "       " 

Similar  trials  were  made  in  fields  of  oats,  barley,  rape,  lucem, 
lupines,  and  winter  rye,  with  analogous  results.  It  appeared  from 
tbeee  experiments  and  othere,  that  rape  plants  had  the  largest  num- 
ber of  subordinate  roots  (1,S75  fibres  were  counted  at  a  depth  of  9, 
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and  68S  at  a  depth  of  1 7  inches),  and  that  flax  and  buckwheat  c&ins 
next.  Then  came  the  differeat  kinds  of  clover,  peas,  and  beana. 
After  them  c«m«  the  various  kinds  of  grain,  and  finally  lupines, 
which  had  the  least  number  of  roots  of  all  the  plants  examined. 

No  marked  differences  were  noticed  as  to  the  depths  reached  b; 
the  roots  of  different  kinds  of  plants,  and  it  seems  plain  that  the 
agricultural  plants  do  not  differ  from  one  another  much  in  respect 
to  this  particular.  On  the  high-lying  land,  the  great  mass  of  roots 
of  all  the  crops  were  found  in  the  soU  proper,  i.  e.  in  the  more  fe^ 
tile  and  porous  layers  near  the  surface;  and  even  in  the  low-lying 
fields  only  a  small  proportion  of  the  roots  went  down  to  the  poorer 
eubsoll,  —  not  more  than  about  10%  of  them. 

It  will  be  noticed  that  the  low  clover  field,  and  one  of  the  wheat 
fields  above  cited,  are  exceptions  to  the  geueral  rule,  that  the  num- 
ber of  roots  diminished  regularly  with  the  depth.  In  both  these 
Instances  a  considerable  number  of  roots  were  developed  in  the 
lower  moist  sand  after  the  plant  had  been  at  the  trouble  of  pushing 
through  the  clayey  loam  of  the  subsoil.  But,  as  a  general  rule,  only 
scattering  root  tibres  were  found  in  this  pK>ur  land  at  depths  greater 
than  three  feet.  Undoubtedly,  a  very  diSerent  state  of  things 
would  have  been  met  with,  if  similar  trials  had  been  mad^  in  deep 
moist  loams. 

Cr(^  may  comune  Food  at  differerU  Time*. 

Kot  only  do  difierent  crops  require  different  amounts  of  food  in 
Older  to  come  to  maturity,  but  since  the  life  of  some  kinds  of  plants 
is  shorter  than  that  of  others,  one  kind  of  crop  may  require  a  richer 
soil  than  the  other  kind ;  not  because  it  removes  more  food  from  the 
land  in  the  abrogate,  but  because  it  requires  more  food  in  a  given 
time, 

Athtt  of  certain  Cropi. 

The  following  table,  drawn  up  by  Professor  Johnson,  gives  the 
average  contents,  in  pet  cents,  of  fertilizers  in  the  ashes  of  several 
common  crops. 

AJkiUn.     ICiginU.      Lima.       ^^''' 

Cebeals.         Grain  (without  husk)     .  SO  IS  S  46 

Straw lS-27           3  7  6 

Lbovmes.         Eem«l 44              7  6  S6 

8tr»« 27-41          7  26-S8  8 

Rout  Cbofs.    Hrmts eo  3-9  S-12  8-1S 

Tops 87  J-18  lO-SS  3-8 

Qussu.           Id  flower 8S              4  8  8 
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Fertilmti0  Mattert  carritd  off  by  Oropt. 
The  folloviug  table,  likewise  copied  from  Johnson,  gives  the 
weight  ia  pounds  of  produce  taken  annualljr'  from  an  acce  of  good 
land  \>j  the  several  crops,  as  well  as  the  weight  of  the  more  impor- 
tant constituents  iu  these  crops. 

CfJp.  HltrogBn,        AsheL         ^^^'        PotMli. 


Whbat. 

GmiQ      . 

Straw      . 
Sam  . 

.     ],M0 

.   e,*40 

Rie. 

Oram     . 
Straw     . 

.  1,470 
.    8,600 

Bum  . 

.  4,m 

Beahi. 

Straw     . 
Sam  . 

.  1,840 
.     S,700 

Bettr. 

RooU     . 

Top..     . 
Sum    . 

.  88,800 
.  0,200 
.  4M0O 

Clotkr 

.    8,000 

Gbaw 

.     4.000 

The  rye  crop  takes  only  one  third  as  much  nitrogen  as  a  dovet 
crop  or  a  beet  crop.  Wheat  takes  twice  as  much  phosphoric  acid 
as  grass,  and  two  thirds  as  much  as  beans  and  beets.  About  the 
same  quantity  of  potash  goes  off  the  field  in  wheat  as  in  grass, 
though  it  does  not  necessarily  go  off  the  &rm,  while  beeta  and 
clover  take  up  a  good  deal  more  potash  than  grass. 

It  is  to  be  observed  that  tables  sneh  as  these  do  not  teach,  as 
has  sometimes  been  supposed,  what  manures  to  apply  in  any  par- 
ticulttr  case  to  either  of  the  crops  in  question ;  for  the  soil  might 
contain  already  an  abundance  of  most  of  the  things  needed,  and  the 
plant  still  fail  to  thrive,  because  some  one  essential  ingredient  ia 
absent 

It  is  true,  moreover,  as  has  been  said,  that  different  plants  have 
very  different  powers  as  to  getting  at,  extracting,  and  using  the 
stores  of  food  which  may  be  contained  naturally  in  any  soil ;  and 
in  general  it  appears  that  each  particular  kind  of  crop  acts  in  its 
own  peculiar  way  npon  the  land,  and  takes  away  from  the  soil,  or 
from  the  mannre  which  ha&  been  applied  to  it,  more  or  less  of  each 
one  of  the  substances  which  are  necessary  for  the  growth  of  plants. 
Hence  the  advantage,  under  ordinal^  circumstance^  of  varying^  ^m 
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year  to  year  the  kind  of  crop  grown  upon  any  giTen  Geld.  If  one 
and  the  eame  crop  were  to  be  grown  year  after  year  upon  the  same 
piece  of  land,  there  would  be  a  tendency  to  reduce  uudoly  the  pro- 
portion of  the  su1>8bincea  which  are  preferred  by  this  crop,  or  which 
can  be  extracted  from  the  soil  by  this  crop.  The  tendency  would 
be  to  accumulate  in  the  soil  those  substances  for  which  this  crop 
has  least  need.  lu  ordinary  language,  there  would  be  risk  of  ex- 
hausting the  soil  to  such  an  extent  that  the  crop  in  question  could 
no  longer  be  grown  upon  it.  But  by  planting  different  kinds  of 
crops  ti-om  year  to  year,  the  preferences  of  one  kind  of  plant  may  be 
made  to  counterbalance  in  some  roeaaure  those  of  another,  in  auch 
manner  that  the  tendency  to  exhaustion  may  be  greatly  abated,  or 
even  annulled. 

Meaning  of  tht  Word  Exhatutioti. 

It  needs  to  be  said,  perhaps,  that  the  word  "exhaustion,"  as 
uded  in  agriculture,  has  no  very  precise  meaning.  It  is  a  term 
based  on  money  values,  rather  than  on  scientific  conceptious.  It 
is  true  enough  that,  in  many  situations,  land  may  be  utterly  ruined 
by  improper  or  careless  cultivation,  auch  as  penuits  the  surface  soil 
to  be  washed  away  bodily  by  rains.  But  no  such  destruction  as  this 
can  be  reached  by  any  system  of  mere  cropping,  no  matter  how  ill 
considered  it  may  be.  Strictiy  speaking,  a  soil  is  exhausted,  as 
regards  any  particular  crop,  whenever  the  cost  of  cultivation  comes 
to  as  mnch  as  the  crop  is  worth. 

The  value  of  a  crop  depends  upon  the  demand  for  it,  and  the  cost 
of  cartying  it  to  meet  the  demand.  lu  the  vicinity  of  Boston,  for 
example,  rye  is  a  profitable  crop,  because  of  the  brisk  demand  for 
straw ;  but,  owing  to  the  coet  of  transporting  this  bulky  commod- 
ity, there  might  be  little  or  no  profit  in  growing  rye  aa  a  field  crap 
a  few  miles  &rther  back  in  the  country.  Hence  it  might  be  said 
with  truth  in  some  places,  30  or  40  miles  distant  from  the  city, 
that  the  land  is  "  exhausted,"  and  will  not  grow  rye,  although  that 
very  land  may  be  capable  of  yielding  more  rye  and  more  straw  to 
the  acre,  and  at  less  cost,  than  the  land  upon  which  lye  is  profitably 
grown  near  the  market 

Fairy  Ringt, 

Oue  striking  illustration  of  the  eignificancB  of  rotation  is  afforded 
by  the  so-called  fairy  rings,  In  old  grass  fieMs.  These  fairy  ringa 
are  citcles  of  grass  of  coarser  growth  and  greener  color  than  the  giaaa 
on  the  remainder  of  the  field.     They  are  caused  by  the  growth  of 
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a  fangaa,  which,  etartiag  from  a  spore  which  happens  to  have  heea 
sown  at  a  particular  point,  growd,  b«ar:i  fruit,  and  dies,  and  by  its 
decay  affords  nourishmoDt  to  the  graaa.  Subsequeutly  a  new  crop 
of  the  fungus  springa  up  around  the  original  central  point,  bom 
spores  shed  by  the  first  plant,  and  afterwards  still  anotlier  crop 
grows  just  outside  the  first  ring,  and  so  the  process  goes  on  for  a 
long  term  of  years,  the  hug  being  constantly  enlarged  until  soma 
accident  destroys  it 

The  English  chemist  Wollaston  suggested  long  ago  that  the  rea- 
son of  this  peculiar  growth  is,  that  the  fungus  exhausts  the  soil  of 
some  essential  ingredient,  so  that  the  spores  which  fall  upon  that 
spot  find  it  to  all  intents  and  purposes  a  desert.  But,  on  the  other 
hand,  the  grass  finds  a  richly  manured  soil  where  the  fungus  haa 
just  decayed ;  and  since  the  fungus  contains  much  nitrogen,  tlie 
grass  takes  on  the  deep  green  color  due  to  nitrogenous  manurea. 
Practical  RuUt  for  Rotation. 

From  considerations  such  as  have  been  uiged  above,  sevetal  agri- 
cultural writers  have  laid  down  the  principles  of  rotation  in  the 
fiillowiug  teniia:  — 

Kvery  plant  exhauats  the  soil,  when  carried  off  from  it. 

But  all  plants  do  not  exhaust  the  soil  equally.  Nor  do  diSeient 
plants  exhaust  the  soil  in  the  same  manner. 

Even  when  fed  out  upon  the  farm,  ail  plants  do  not  restore  to 
the  soil  the  same  quantity  nor  the  same  quality  of  manure. 

Finally,  all  crops  are  not  equally  favorable  to  the  growth  of  weed^ 
the  nourishment  of  fungi  or  insects,  or  to  the  tilth  of  the  land. 
Botalion  ti  often  I/nnecMsary. 

It  is  possible,  of  course,  in  many  oases,  to  do  away  will)  rotation, 
hy  manuring  the  land  freely  with  the  things  best  suited  to  the 
crop  we  wish  to  grow.  Illustrations  of  this  &ct  are  seen  every  day 
in  asparagus  beds,  and  in  the  old  fields  and  pastures  of  Europe  also. 
It  is  claimed,  indeed,  as  one  particular  advantage  of  asparagus,  tliat 
it  is  ft  plant  which  will  produce  crope  for  twenty  years  in  soccession 
without  renewal.  So,  too,  fanners  are  apt  to  grow  carrots  year  after 
year  upon  one  and  the  same  field ;  and  a  simitar  remark  is  true  of 
onions  and  celery,  and  of  the  Lima  bean  in  the  Middle  States.  It 
is  true  of  rhubarb  also,  and  of  some  other  garden  plants. 

It  is  no  uncommon  thing,  in  Europe,  to  grow  potatoes  year  after 
year,  or  with  infrequent  omissiona,  on  the  same  fields,  in  localities 
where  the  tubers  are  used  for  distilling,  or  fur  making  starch  or 
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gliicoM ;  aod  it  hu  been  found  that  this  piactice  may  be  peisisted 
ia  without  anj  particular  diminution  of  the  yield,  provided,  d 
course,  the  fertility  of  the  soil  is  kept  up  by  manuring.  Bouasin- 
gault  narrated  long  ago,  that  in  South  Ameriua  potatoea  are  habit- 
ually grown  on  the  aame  land  without  interruption,  and  that  the 
,  crops  obtained  are  of  excellent  quality.  All  tbis,  ia  epite  of  the 
weU-kuown  fact  that  in  New  England  potatoes  often  grow  best 
on  new  land  which  has  just  been  turned  up  from  pasture,  —  prob- 
ably because  of  the  superior  fertility  of  auch  land,  and  of  its  freedom 
from  some  hinds  of  worms. 

Bonasingault  mentions,  that  maiio  also  has  been  grown  inces- 
santly in  many  parta  of  Peru,  aiuca  a  period  long  anterior  to  the 
discorery  of  America ;  and  that  on  the  plateaus  of  tbe  Andee  there 
are  wheat-fields  which  have  annually  given  good  crops  for  more  than 
two  centuries.  Indigo,  sugarcane,  and  Jerusalem  artichokes  are 
other  crops  which  are  seldom  or  never  rotated. 

Indeed,  there  are  many  crops  that  might  be  grown  for  almost 
any  number  of  years  oonsecutively  on  the  same  land,  provided  that 
money  and  tabor  enough  were  expended  in  putting  the  soil  into  the 
proper  chemical  and  physical  conditions.  But  to  do  this  would 
nsoaJly  cost  more  than  to  rotate  the  crops.  At  all  events,  it  has 
hitherto  been  found  more  profitable  in  the  main  to  combine  the 
rotation  of  field  crops  with  the  judicious  use  of  manures. 
Sojoe  Oropt  prtfer  Ntw  Land. 

The  &ct  must  not  be  lost  sight  of,  that,  iu  direct  opposition  to 
what  has  just  been  said  of  carrots  and  asparagus,  there  are  some  plants 
that  succeed  very  much  better  on  new  land.  Strawberries,  for  ex- 
ample, grow  luxuriantly  on  new  land  ;  but  after  a  few  years  they 
tend  to  degenerate,  and  are  supposed  to  need  a  fresh  soil  In  like 
manner  it  ia  noticed  by  practical  men,  that  —  while  there  are  some 
plants  which  seem  to  have  no  need  of  humus,  such  as  the  Teltow 
turnip  for  example,  or  most  emphatically  the  potato,  which  often 
does  extremely  well  on  mere  gravel  or  sand,  if  only  it  be  supplied 
with  dung  and  water —  there  are  other  plants  that  prosper  best  oa 
soila  rich  in  humus,  notably  celery,  caulifiower,  and  the  rutabaga. 

Another  special  instance  that  should  be  mentioned  when  speaking 
of  new  land  is  the  behavior  of  the  common  plum  tree.  It  is  well 
known  in  New  England  that  the  plum  formerly  succeeded  perfectly 
when  the  country  was  new,  and  that  it  can  be  grown  to-day  sncoees- 
folly  in  the  wild  forest  regions  of  New  Hampshire.    The  market 
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iu  Boston  is  supplied  every  eiuumer  with  daBisons  from  Kova 
Scotia;  bat  in  proportion  as  the  country  grows  older,  th«  plum 
trees  ceass  to  thrive. 

It  may  possibly  be  true,  as  some  writers  have  urged,  that  the 
plum  trees  have  exhausted  the  soU,  aud  that  they  really  need  new 
land.  But,  to  my  own  mind,  no  such  hypothesis  is  tenable.  The 
plum  tree  grows  perfectly  well  upon  the  continent  of  Europe,  and 
yields  abundant  crops  of  fruit,  even  upon  land  that  has  been  the 
longest  cultivated.  It  does  not  thrive  here  because  of  various  and 
vigorous  enemies,  both  of  insect  and  of  vegetable  origin.  Probably, 
if  we  could  bat  circumvent  the  cutonlio  and  the  black-knot  fungus, 
plums  might  be  grown  freely  enough  with  the  aid  of  proper  manures 
But,  as  things  are  now,  the  only  economical  way  of  proceeding  is 
to  take  refuge  iu  the  backwoods,  and  eebiblish  the  plum  orchards 
in  districts  free  from  those  kinds  of  wild-cherry  trees  iu  which  the 
black-knot  harbors,  and  where  the  cuictilio  ia  rare. 

Sotalion  not  netdtd  in  lomt  Situaiiotu. 

In  very  rich  laud,  of  not  too  fine  texture,  there  is  often  little  or 
no  need  of  rotation.  Most  gardens  are  so  fertile  that  the  rotation 
of  crops  in  them  would  have  no  significance  except  as  a  means  of 
avoiding  some  insect,  or  fungus,  or  weeds,  or  the  impaction  of  the 
land.  As  was  just  now  said,  Boussingault  tells  of  land  in  South 
America  on  which  grain  has  Iwen  grown  inceaaanlly  during  200 
years,  and  Gasparin  describes  fields  in  the  South  of  France  which 
have  yielded  excellent  grain  crops  for  40  successive  years.  Such 
lands  as  these  occur  exceptionally  in  some  parts  of  the  West,  nota- 
bly upon  river  bottoms.  In  the  vicinity  of  large  cities,  also,  where 
manure  is  abundant,  there  has  never  been  felt  so  strong  a  need  of 
rotation  as  in  the  districts  which  are  distinctly  rural.  A  similar 
remark  will  apply  to  countries  made  fertile  by  irrigation,  and  to  a 
certain  extent  to  those  manured  with  sea-weeds. 

An  interesting  system  of  small-way  fanning,  based  upon  sea 
manure,  has  recently  been  cited  as  common  at  the  North  of  Scot- 
land  aud  on  the  adjacent  islands.  There  are  numerous  "  crofters," 
as  they  are  called,  i,  e.  men  who  hold  about  five  acres  of  land  on 
the  average.  They  have  also  a  right  to  pasture  sheep  and  cattle 
on  the  commons,  such  as  thoy  are,  bat  they  get  their  living  chiefly 
from  the  sea,  or  by  working  iu  England  in  the  summer.  Their 
usual  method  of  husbandry  b  to  keep  three  fourths  of  their  land 
in  oats,  and  the  other  quarter  in  potatoes.    But  the  oate  are  heavily 
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manured  with  aea  inuiare,  and  the  potatoes  with  cow  dung  to- 
gether with  a  little  guano,  since  sea  manure  ia  nut  good  for  potatoes 
in  cold  countries.  The  three  crops  of  oata  come  one  after  another, 
and  the  potatoes  succeed  them.  In  some  cases  where  the  land  is  too 
wet  for  potatoBN,  oats  are  grown  incessantly  for  a  dozen  ^ears  at  a 
time,  and  are  manured  all  the  while  with  sea  manure.  The  straw 
of  the  oat  crop  together  with  hay,  ia  given  to  animals  in  the  winter, 
while  oat-meal  and  potatoea  serve  as  human  food. 
FaU<w  Fiddt. 

It  must  be  remembered  always,  when  speakii^  of  rotation,  that 
the  natural  disintegration  and  decomposition  of  matters  within  the 
soil  tends  to  counterbalance  the  exhaustion  produced  by  cropping. 
Practically  this  f^  has  always  been  recognized.  In  many  of  the 
older  systems  of  rotation,  for  example,  it  was  cnstoniary  to  let 
the  land  lie  fallow  every  second  or  third  year.  Sometimes  the 
fallow  fields  were  left  absolutely  to  themselves;  but  in  the  better 
systems  of  husbandry  they  were  ploughed  frequently,  so  as  to  hasten 
the  process  of  disintegration  and  nitrification,  as  well  as  to  destroy 
weeds  and  to  turn  their  conslitaents  to  profit  as  green  manure. 
The  destruction  of  insects  also  was  sometimes  a  point  of  considei^ 
able  importance.  For  example,  one  good  way  of  clearing  a  field  of 
the  pernicious  white  grubs  of  the  dorhng,  or  June  beetle,  ia  to  fol- 
low and  work  the  land  thoroughly  for  a  season.  Not  only  will  the 
processes  of  ploughing  and  harrowing  bring  many  of  the  grubs 
to  the  anrfoce,  there  to  he  devoured  by  birds,  hut  there  will  be 
nothing  left  for  the  grubs  to  feed  upon  if  the  land  is  kept  bare  of 
vegetation. 

Fallowing  was  commonly  practised  by  the  Romans  even.  In 
most  cases  they  left  the  field  fallow  for  a  year  after  taking  a  crop ; 
though,  when  manure  could  be  got,  they  sometimes  took  two  or 
more  crops  in  succession,  and  then  left  the  land  fallow.  The  length 
of  time  that  the  fallow  fields  are  left  to  themselves  varies  widely  in 
different  countries.  In  poor  wild  countries,  such  as  some  parts  of 
America  and  of  Russia  also,  it  is  no  uncommon  thing  to  take  one 
crop  and  then  throw  the  land  away,  as  it  were,  i.  e.  leave  it  without 
thought  of  ever  using  it  f^ain.  In  the  Lunenburg  heath,  in  Ger- 
many, there  are  places  where  the  land  is  regularly  burned  over  every 
twenty  years,  and  one  crop  taken  from  the  land.  This  case  might 
be  described  as  a  rotation  of  I  grain  crop  and  19  fallow  fields.  In 
the  moorland  of  North  Germany  1  crop  and  12  years  of  fallow  is 
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DO  nncommon  ooiine.  In  some  parts  of  Spain  two  or  three  fallow 
yean  between  every  two  CTOpe  are  common.  In  some  partn  of 
Sweden  the  peasants  leave  liolf  their  laud  fallow  every  year,  while 
upon  the  other  half  they  sow  grain,  and  they  manure  one  seventh 
of  the  fellow  land  every  year. 

It  is  manifest,  however,  that  disintegration  must  be  going  on  to 
some  extent  during  the  growth  and  the  tilling  of  ciopi.  Where 
land  has  once  been  brooght  into  good  condition,  the  amount  of  this 
disintegration  may  every  year  be  sufficient  to  keep  np  the  supply 
of  mineral  matters  necessary  for  the  growth  of  the  crop.  This  idea 
lies  at  the  buM  of  the  soKalled  drill-husbandry,  i.  e.  the  hone- 
hoeing  of  Jethro  TuU,  and  of  the  Lois-Weedon  system  of  oni  own 
tnne,  as  well  as  of  most  modern  systems  of  rotation.  The  very 
word  "mannre,"  as  haa  been  said  alraady,  originally  meant  ma- 
nceuvre  (hand  work),  i.  e.  it  meant  to  dig,  to  till,  to  cultivate,  and 
thereby  to  disintegrate. 

The  experiments  of  Lawes  and  Gilbert  beat  very  forcibly  npon 
this  point  Upon  a  soil  described  by  them  aa  of  not  more  than 
arert^  wheat-prodncing  quality,  they  grew  wheat  successfully  with- 
out any  manure  for  forty  and  more  years  in  succession.  The  pro- 
duct of  dreesed  grain  was  17^  buehela  to  the  acre  the  first  year, 
and  15  bushels  the  twentieth  year,  and  16^  bushels  as  the  average 
of  the  first  twenty  years.  Before  this  land  was  set  apart  for  the 
wheat  experiments,  it  had  been  cropped  five  times  since  any  manun 
was  put  upon  it.  But,  in  spite  of  all  this,  the  soil  was  in  such 
condition  that  the  amount  of  matter  made  available  as  wheat-food 
within  it,  by  disintegration  and  by  nitrification,  in  the  course  of 
tlie  year,  was  very  nearly  or  quite  equal  to  the  amount  of  snoh 
matter  removed  by  the  crop. 

Ntiiiiral  Strength  of  Land. 

It  is  to  be  observed,  of  course,  that  this  natural  process  of  sup- 
plying food  could  hardly  be  possible  excepting  on  land  fertile 
enough  to  be  in  some  sense  a  reservoir  of  food.  The  process  of 
supply  and  demand  cannot  hers  be  coincident  and  equal  day  by 
day.  The  disintegration  which  occurs  in  the  course  of  a  single 
summer's  day  may  be  wholly  insufficient  to  supply  the  crop  with 
food  on  that  particular  day,  and  yet,  taking  the  entire  year,  the 
disint^ration  might  be  largely  in  excess  of  what  tlie  crop  needs  or 
can  consume. 

Thia  idea  of  disintegration  supplying  to  the  soil  what  is  taken 
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off  in  the  crops,  bean  directly  on  what  formerg  call  the  "naturri 
strength"  of  land.  There  are  some  soils  which,  thanks  to  the 
incessant  action  of  disintegrating  influences  upon  fit  materials,  will 
bear  cropping ;  and  there  are  othera  that  will  not,  because  of  the 
absence  of  this  agency.  In  wooded  districts,  such  as  those  not  far 
from  Boston  on  the  sontb  shore  of  Uaseaohnsetts  Bay,  and  in  the 
so  called  Old  Colony,  notably  ou  the  Blue  Hills,  within  eight  of 
the  Busssy  Institution,  it  is  customary  to  cut  down  the  trees  every 
20  or  30  or  40  years,  and  to  allow  a  new  forest  to  grow  from  the 
sprouts  which  shoot  up  horn  the  old  stamps.  "  Spront-land  "  the 
New  Englander  calls  it.  It  is  known  as  Coppice  in  English,  French, 
and  German. 

It  does  not  appear  that  there  is  any  great  variation  from  one 
century  to  another  in  the  quantity  of  wood  grown  upon  a  given 
namber  of  acres  of  the  woodland  in  the  course  of  the  25  or  30 
years  required  to  laature  the  crop.  But  evidently  the  conditions 
of  disintegration  in  the  woodland,  as  well  as  upon  the  experimental 
fields  of  Lswee  and  Gilbert,  are  such  that  a  supply  of  food  is  kept 
up  for  the  use  of  the  crop.  The  only  difference  is,  that  in  tlie  wood- 
land the  plants  seek  their  food  at  comparatively  great  depths  and 
over  wide  areas,  and  are  so  constituted  that  they  can  grow  slowly. 
Hence  the  soil  need  not  be  rich  in  the  beginning,  nor  the  disinte- 
gration rapid  from  year  to  year.  But  for  the  growth  of  the  less 
robust  wheat  plant  the  conditions  must  be  more  bvorable. 


CHAPTER  XII. 
BPECIAL  BYSTEHS  OF  BOTATIOK. 

Why  Rotation  Kot  firii  praetited. 
It  should  be  clearly  undetetood  that  the  practice  of  rotating 
crops  is  not  by  any  means  baaed  upon  chemical  or  botanical  consid- 
erations alone.  It  is  really  a  relic  from  the  time  of  Village  Com- 
munities. It  is  true,  indeed,  that  several  noted  writers  of  antiquity 
held  views  in  regard  to  rotation  which  are  in  accordance  with  prin- 
ciples  now  known  to  be  correct.  Xenophon  speaks  of  a  two  years' 
rotation  of  wheat  and  fallow,  and  Cato  and  Varro  and  Yirgil  tell 
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of  the  alteniate  culture  of  gnin  and  legumes.  But  aa  now  prac- 
tised, systems  of  rotation  seem  to  have  been  derived  directl;  from 
the  times  of  village  communities,  lathei  than  from  the  Koman 
civilization.  They  may  be  said  to  be  in  the  main  inherited  from 
the  "common  fields"  of  village  commnnitiea,  where  rotations  were 
made  necessary  in  the  fiist  place  by  the  system  of  holding  laud 
which  prevailed. 

]u  the  days  when  the  village,  and  not  the  individual,  had  the 
management  of  private  afiaiis,  the  practice  was,  that  instead  of 
being  enclosed  as  eepaiate  farms,  all  the  plough-land  was  left  open  j 
and  it  was  cultivated  by  many  individuals,  each  one  working  for 
himself  upon  separate  strips  of  the  common  tnict,  L  e.  on  pieces  of 
land  which  were  allotted  to  him  for  a  single  season.  To  avoid  all 
conOict  of  interests,  each  of  the  large  common  fields  was  marked 
off  into  three  great  parts,  one  of  which  parts  was  devoted,  one  year 
in  three,  to  winter  gnun  (i.  e.  to  wheat  or  rye  sown  iu  autumn) ; 
another  part  of  the  field  was  devoted  to  summer  grain  (barley  or 
oats  sown  in  spring),  while  the  third  part  was  left  Mlow.  This 
was  the  old  "  threer^iourae  "  system  of  rotation,  which  through  many 
centariee  was  practised  almost  universally  in  the  more  feidle  parte 
of  Europe. 

So  long  as  the  system  of  common  unenclosed  fields  prevailed,  it 
WHS  impossible  fbr  any  one  peison  to  deviate  from  the  established 
practice ;  especially  as  there  was  usually  a  common  right  of  pastur- 
age npou  the  &llow  field  throughout  the  year,  and  upon  each  of 
the  other  fields  after  harvest.  It  appears,  indeed,  that  individuals 
were  not  allowed  to  deviate  from  the  established  course,  and  in  later 
times  one  of  the  worst  impediments  with  which  the  progress  of 
rational  agriculture  has  had  to  contend  has  been  the  tendency 
of  European  landlords  to  compel  their  tenants  to  bold  fast  to  estab- 
lished systems  of  rotation.  It  has  been  said,  in  fact,  that  no  real 
improvement  was  introduced  into  the  agriculture  of  muny  dis- 
tricts of  England  until  the  notion  of  the  perfection  of  the  three- 
course  system  was  exploded,  and  tenants  were  permitted  to  deviiite 
from  it. 

Starting  in  this  way  from  a  mere  sociol  and  physical  necessity, 
the  continuance  of  systems  of  rotation  has  always  depended  in  good 
part  upon  established  customs  made  rigid  by  legal  forms.  In  the 
minority  of  cases,  perfaape,  tradition  has  had  more  to  do  with  the 
maintenance  of  rotations  than  have  any  scientific  conceptions  as  to 
VOL.  II.  — 18 
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the  reason  of  them,  or  anj  juHt  deductions  from  the  results  of  prao- 
ticai  experience. 

The  Thret-conrM  Rotation. 

In  the  original  threecouraa  ayatem  there  was  usually  maintained 
in  connection  with  the  ploughed  land,  whioh  waa  given  over  to 
grain,  a  large  tract  of  wild  pasture,  where  cattle,  sheep,  hogs,  and 
geese  were  tended  bj  abepherds,  herdsmen,  and  the  hog-reeve ; 
and  there  was  another  tract  of  permaueut  meadow,  where  grass  waa 
mowD  for  hay.  Where  these  arrangements  eziated,  it  was  possible 
to  get  dnng  enough  from  the  cattle,  and  from  folding  aheep,  to  giro 
the  fallow  field  a  dressing  of  manure ;  that  ie  to  say,  the  plougb- 
land  was  manured  every  third  year,  since  one  third  of  it  was  ma- 
nured each  year.  But  in  other  instances,  where  the  supply  of  dung 
was  small,  —  and  thia  would  naturally  be  the  case  as  population  in- 
creased, and  the  ploughed  land  came  to  encroach  upon  the  meadow 
and  pasture,  —  the  common  field  was  divided  into  twice  as  many 
parts  as  before,  and  manure  was  applied  only  half  as  o^en ;  i  a. 
every  other  fallow  was  dressed  with  duug,  so  that  the  land  received 
manure  only  once  in  six  years. 

The  three-course  system  is  commended  by  its  great  r^nlarity  and 
simplicity,  and  by  the  possibility  of  cultivating  land  in  a  wholesale 
way  at  small  cost  fur  supervision  and  labor,  and  is  upon  the  whole 
not  ill  adapted  for  a  primitive  state  of  society.  It  is  manifestly  in- 
compatible, however,  with  the  existence  of  a  dense  population,  and 
would  not  be  advantageous  for  a  scattered  population  living  upon 
separate  farms.  Excepting  in  fertile  regions,  the  two  grain  cropa 
in  succession  would  tend  to  exhaust  the  soil  too  readily. 

Derivation  of  otlier  Syitemi  from  the  Tkree-eourtt  Plan. 

As  regards  the  derivation  of  other  systems  of  rotatiou  from  the 
old  three-cnunie  plan,  it  may  be  conceived  that-,  aa  population  and 
the  consequent  demand  for  grain  increased,  the  pastures  in  fertile 
districts  were  gradually  ploughed  up  and  converted  into  amble  land, 
and  that,  as  &  consequence,  comparatively  few  cattle  could  be  sup- 
ported. Hence,  so  little  manure  was  obtoined  that  the  crops  suffered, 
the  land  was  after  a  while  run  out,  and  emigration  became  neces- 
sary. But,  oil  being  left  to  itself,  the  land  soon  reverted  naturally 
to  the  state  of  pfisture,  cattle  were  again  kept,  and  dung  was  again 
produced.  To  maintain  the  cattle,  the  significance  of  which  as 
producers  of  dung  and  flesh  was  now  appsreut,  regular  fields  of 
•own  grass  were  established. 
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Gras$  Jtolatioiu. 

As  would  natnially  be  expected,  the  intiodaction  of  graae  into 
the  regular  system  of  rotation  lint  appeared  in  couDtries  specially 
fiUed  for  grazing.  It  aeems  to  have  been  first  practised  extensively 
in  Holsteiu  and  Mecklenbai^  and  it  aoon  raised  these  countries  to 
a  high  place  among  the  (^caltnral  nations.  It  has  been  employed 
in  Scotland  also,  and  in  the  Midland  Counties  of  England  since  a 
Teiy  early  period. 

The  idea  of  tbe  grass  rotation  is  simply  to  have  fields  of  artificial 
posture  (maintained  for  seveial  years)  alternate  with  grain.  The 
system  has  been  found  to  answer  exceedingly  well,  not  only  in  the 
localities  just  mentioned,  but  in  various  others  where  the  climate 
is  BO  moist  that  grass  grows  freely  and  unchecked  by  drought,  and 
whcK  the  land  is  so  free  from  stones  that  most  of  it  can  be  brought 
under  the  plongh.  It  is  practised,  for  example,  upon  the  rainy 
uplands  of  Bavaria  and  Saxony,  as  well  as  in  the  lowlands  of  the 
North  of  Germany  and  Denmark.  There  are  many  varieties  of 
this  system  of  grass  rotation.  Thus,  in  Holstein,  one  way  is ; 
1.  Oats  on  tbe  newly-broken  grass  land;  2.  A  fallow  to  destroy 
grass  and  weeds ;  3.  Wheat,  with  or  without  manure,  according  to 
the  state  of  the  land ;  i.  Barley ;  5.  Rye,  lightly  manured ;  6.  Oats 
with  clover ;    7  and  8.  Pasture. 

An  old  Scotch  rotation  was :  fiiUow;  wheat;  grassy  fed  for  one, 
two,  or  three  yenra ;  then  oats,  pess,  or  beans,  and  wheat  again. 
A  simpler  system,  followed  in  the  Styrian  uplands,  is  :  1.  Summer 
rye,  with  manure ;  2.  Oats ;  3.  Winter  rye,  with  manure ;  4,  6, 
and  6.  Grass  land.  This  last  has  a  certein  resemblance  te  a  course 
not  nnnsuat  in  the  vicinity  of  fioeten,  viz. :  1.  Ciiass  for  mowing 
kept  down  for  six  or  eight  years,  or  as  long  as  the  grass  continues 
to  give  a  fair  yield ;  2.  Winter  lye,  on  the  iiirerted  sod,  without 
manure;  3.  Indian  corn,  potatoes,  or  sometimes  roots,  L  e.  a  hoed 
emp,  well  manured  ;  4.  Seed  down  te  grass  again,  with  rye,  unless 
the  land  is  so  foul  that  another  year  of  culti^'Stion  is  needed  to 
destroy  the  weeds. 

A  common  course  in  Western  New  York  is  said  te  be  :  1.  Indian 
com  on  sod,  with  manure  ;  2.  Barley  or  oats ;  3.  Wheat;  4.  Clover, 
mown  first  for  hay,  and  afterwards  for  seed  ;  5.  Clover  and  timothy 
mown  for  hay.  Another  course,  practised  in  the  northern  part  of 
New  Tork,  is :  1.  Gate  on  sod  land ;  2.  Part  Indian  corn,  part 
potatoes,  and  part  roots;  S.  Barley  or  spring  wheat;   4,  5,  and 
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6.  Clover  or  grasa,  i.  e.  tiniotby.  An  old  Byetom,  employ ed  in  the 
Midland  Counties  of  £iigland,  was  :  1.  Oats  on  tbe  eod  ;  2.  Wheat; 
3.  Barley  sown  with  grasa  ;  4.  Pasture  for  7  of  8  years. 

Not  many  definite  rotations  have  ever  been  established  in  New 
England.  One  very  old  one,  commended  for  heavy  land,  was : 
1.  Oate ;  2,  Potatoes,  well  dungnl ;  3.  Flax  or  wheat ;  i.  Grass, 
for  as  many  years  as  possible.  General  Washington,  writing  of  the 
western  end  of  Long  Island,  in  1790,  says  :  Their  general  mode  of 
cropping  is :  1.  Indian  com  upon  a  lay,  manured  ia  the  bill,  half  & 
eboTeiful  in  each  hole,  though  some  scatter  the  dung  over  the  field 
equ&lly;  2.  Oats  and  flax;  3.  Whoat^  with  what  manure  they 
can  spare  from  the  Indian  corn  laud.  With  the  wheat,  or  on  it, 
towards  the  close  of  tbe  snows,  they  sow  clover,  &om  1  to  6  lb., 
aud  a  quart  of  timothy  seed.  This  lays  from  3  to  6  years,  accord- 
ing as  the  gross  remaiue,  or  as  the  condition  of  the  ground  is  j  for, 
as  soon  oa  thoy  Hud  it  beginning  to  bind,  they  plough. 

Mr.  Mitchell  has  snggested :  1,  Corn,  cut  young  for  fodder,  the 
earlier  cuttii^  being  followed  by  turnips ;  2.  Part  carrots,  part 
mangolds,  and  part  potatoes;  3.  Oats  or  other  cereal j  4.  Clover 
and  grass,  to  be  kept  down  as  long  as  poosible.  For  soiling  cowa, 
in  summer,  be  suggests  pasture  grass  from  May  10  to  June  10 ; 
then  mown  winter  rye;  then  lucem;  then  clover  and  orchard 
grass;  then  fodder  com;  and,  finally,  ]ate«ovn  barley,  and  th4 
leaves  of  root  crops,  which,  as  will  be  seen,  would  involve  a  tolera- 
bly complex  arrangement  of  crops. 

An  Alabama  rotation  is :  1  and  2.  Clover;  3.  Com;  4.  Wheat; 
{( and  6.  Cotton. 

Some  readable  speculations  on  one  of  tbe  old  varieties  of  grass 
rotation,  as  practised  in  the  Soman  Camp^na,  may  he  found  in 
the  second  volume  of  Mr.  George  8.  HiUard's  "Six  Mouths  in 
Italy." 

At  tbe  present  day  tbe  old  grass  system,  such  as  has  het«  been 
described,  would  be  intolerable  in  any  country  other  than  those 
which,  from  excessive  moisture  or  mediocre  soil,  are  forced  to  de- 
vote themselves  to  the  business  of  grazing.  The  chief  advantage  of 
the  system  is  found  in  the  fact  that  the  land  can  be  kept  in  tolera- 
ble condition  with  a  comparatively  small  expenditure  of  labor,  and 
in  tolerably  good  case  withal,  through  the  droppings  of  the  catUe 
which  ore  pastured  or  fed  upon  it  But  it  is  impossible  in  thia  way 
to  worlc  good  land  to  its  utmost  capacity. 


J  bv  Google 


GRASS  B0TATION8.  197 

Patturing  good  Land  r^frahe*  it. 

Tram  the  chemical  point  of  view,  the  aiguificanco  of  the  intro- 
duction of  gnss-Uud  iuto  courses  of  rotatiou  is,  that  the  pastured 
grass,  so  far  from  exhausting  tlie  soil,  actually  improves  it.  A  grass 
field  is,  to  all  intents  and  purposes,  a  dwarf  forest.  If  the  grass  or 
the  trees  are  allowed  to  die  and  rot  upon  the  land,  the  soil  will 
become  richer  every  year,  because  the  roots  of  the  plants  bring  up 
new  stores  of  food  from  below  to  be  deposited  upon  the  sur&ce, 
while  the  mat  of  grass  sod,  or  of  tree  roots,  and  litter  beneath  the 
trees,  shields  the  humus  fram  oxidation,  and  prevents  the  finet  poi- 
tiona  of  the  soil  from  being  washed  away  by  rain.  In  the  same 
my,  land  will  improve  when  fatting  cattle  are  pastured  upon  it; 
for  the  cattle  that  eat  the  grass  nstore  to  the  soil  all  hut  a  minute 
fraction  of  the  mineral  matten  contained  in  their  food,  and  a  large 
jODportion  of  the  nitrogen  also  is  put  to  profit  by  the  grasa. 

Even  when  the  grass  is  mown  to  be  fed  out  upon  the  farm,  either 
gieen  or  in  the  form  of  hay,  the  better  part  of  the  dung  and  urine 
will  practically  be  csiried  back  to  the  land.  Consequently,  the 
adoption  of  grass  rotations  in  place  of  the  three-course  plan  was  a 
distinct  gain  for  the  land  in  tdl  casoe  where  the  supply  of  manure 
obtained  from  outlying  grass-lands,  i.  e.  natural  pastures  and  mead- 
owe,  was  insofficient  to  dress  the  ploughed  fields. 

It  should  be  clearly  undeistood  tiiat  tlie  grass  aystem  is  still  re- 
tained in  several  fertile  countries,  subject,  however,  to  certain  mod- 
ificatioiM.  Thus,  for  example,  in  some  parts  of  Saxony  to-day, 
the  couiee  ie :  1.  Winter  rye,  with  manure  on  the  inverted  sod ; 
3.  Potatoes;  3.  Wheat;  4.  Clover;  6.  Oats;  6.  Peas,  beans,  or 
vetches,  with  dui^ ;  7.  Winter  rye ;  8.  White  clover  with  grass ; 
9  and  10.  Pasture.  Or:  I.  Potatoes  on  the  sod,  with  manure  ; 
3.  Rye;  3.  Flax;  4.  Wheat;  6.  Oats;  6.  Vetches;  7,  8,  and  9. 
Pasture. 

A  flve-oonrse  rotation,  known  as  the  Berwickshire  course,  has 
long  been  popular  in  the  North  of  England  and  in  Scotland.  It 
consists  of;  1.  Wheat  or  oats;  2.  Turnips  or  other  roots ;  3.  Bar- 
ley or  oata ;  and  4  and  5.  Clover  and  grass.  Thsro  aro  seven-year 
Scotch  counes  essentially  similar  to  this  one,  only  that  the  grass  is 
kept  down  four  yean  instead  of  two. 

The  following  Scotch  rotations  are  practised  to-day  on  farms  not 
br  from  Edinburgh,  the  increasing  demand  for  meat,  and  the  in- 
creasing cost  of  labOT  tending  both  to  keep  up  and  I 
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the  grass  syatem  of  husbandry  in  the  moiet  climate  of  Sootl&ad  : 

1.  Oats;   2.  Part  potatoes  and  part  beaos;    3.  Wheat;   4.  Tumipe;. 
5.  Barley ;   6.  Uay  or  pasture.     Many  fiirmera,  who  liave  practised 
this  courae,  are  said  to  incline  more  and  mora  to  tvo  years  of  pas- 
ture instead  of  one,  as  stated.     Other  farmers  prefer:    1.  Oats; 

2.  Part  potatoes  and  part  turnips;  3.  Barley  or  wheat;  i.  Hay; 
S.  Pasture.  Others  stilt  have:  1.  Gate;  2.  Beaus;  3.  Wheat; 
i.  Turnips ;   6.  Barley ;  6.  Grass. 

Farther  from  Ediubuigh  they  have :  1.  Oats ;  2.  I^it  potatoes 
and  part  turnips ;  3.  Wheat  or  barley  ;  4.  Hay  and  grass ;  5.  Orasa. 
Or  on  lighter  laud:  1.  Gate  or  wheat;  2.  Turnips;  3.  Bariey; 
4,  5,  and  6.  Grass. 

BotalioH  and  Labor. 

The  idea  of  these  improved  systems  of  rotation,  as  of  all  the 
courses  which  have  been  adopted  in  the  high  farmiug  of  modem 
times,  is  to  get  from  the  land  in  a  given  time  as  many  merchantable 
products  as  can  possibly  be  obtained  by  the  judicious  expenditure 
uf  labor  and  capital.  This  remark  Buggests  a  point  whicli  has  not 
been  sufficiently  discussed  hitlierto,  viz.  the  judicious  division  and 
adjustment  of  labor  upon  the  &»m.  Mauifestly  this  consideration, 
in  the  absence  of  our  modern  machinery,  must  formerly  have  had  a 
very  important  bearing  upon  the  practice  of  rotation.  In  the  old 
days  of  hand  labor,  the  remark  applied  to  all  farms,  —  as  it  does 
still  to  forms  devoted  to  several  kinds  of  crops,  —  that  the  oiope 
must  be  so  arranged  that  the  whole  labor  of  seed-time  shall  not 
come  at  once ;  and  that  tbe  times  of  ripening  of  the  crops  shall  be 
different,  in  order  to  secure  a  succession  of  harvests. 

It  was  a  great  point  with  the  fitrmere  to  divide  their  labor  so 
that  it  should  be  distributed  as  evenly  as  possible  through  the  en- 
tiro  season.  And  so,  conversely,  when  machinery  came  to  the 
farmer's  aid,  the  old  systems  of  rotation  had  to  be  modified,  in  or- 
der that  the  machines  might  be  worked  to  the  best  advance.  In 
this  sense,  Mr.  Mechi  has  expressed  his  conviction  that  the  old 
English  four-course  rotation  must  give  way,  especially  on  heavy 
}ands,  to  a  freer  system.  Under  the  old  plan  of  ploughing  with 
horses,  and  in  the  lack  of  artificial  fertilizers,  such  a  system  was  very 
well  adapted  to  the  circumstances,  the  horse-work  being  legiilarly 
diffused  or  apportioned  over  the  whole  year.  But  now  that  the 
land  can  be  cultivated  by  means  of  steam  ploughs,  and  manured 
with  chemicals,  the  case  is  greatly  altered.    By  using  steam  ploughs. 
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the  stubUe  fields  can  bo  broken  up,  and  the  winter  crops  got  in 
with  a  rapidity  formerly  uiiknowu ;  and  bo  with  other  opeiatioos, 
such  as  tliresbing  and  harveating. 

To  take  a  more  iamiliar  example,  there  U  a  certain  incentive  to 
grow  rye  in  the  immediate  vicinity  of  Boston,  because  the  long 
straw  sells  readily  at  a  high  price;  and  the  question  naturally 
arises,  Why  do  not  all  the  suburban  &mier8  grow  rye  ?  The  answer 
is,  that  there  is  small  profit  in  growing  this  crop,  unless  the  other 
crops  of  the  farm,  and  the  farm  work,  have  been  adjusted  to  this 
particular  line  of  business.  In  case  the  iarm  has  much  hay  to  be 
cut,  the  rye  harvest  would  &11  at  an  inconvenient  season,  and  in- 
terfere with  haying.  Labor  has  to  be  expended  in  threshing  the 
rye,  and  perhaps  in  rehandliug  the  straw  after  threshing  and  before 
'  seUing  it  And  then,  again,  when  sown  with  grass,  the  rye  saps 
the  land  at  the  very  time  when  it  is  desiiable  that  the  growth  of 
the  grass  shall  be  particularly  favored.  Heooe,  if  the  farmer  wishes 
to  grow  rye,  he  must  cut  and  contrive  accordingly ;  and  so  it  is,  of 
course,  with  every  other  crop.  It  has  been  repeatedly  remarked  by 
practical  men,  that,  for  large-way  formers,  corn  ensilage  will  be 
profitable  only  in  those  cases  where  the  getting  of  it  and  the  use 
of  it  do  not  conflict  with  tho  general  plan  of  the  farm,  and  with 
the  utilization  of  unmerchantable  products  that  are  obtained  upon 
the  &rm. 

Ol/ier  6rte»  Cropt  than  Groat. 

Another  way  of  meeting  the  lack  of  manure  in  the  thr«e-conrae 
system  was  to  have  more  frequent  fallows,  which  was  at  last  tanta- 
mount to  adopting  a  two-course  rotation,  viz. :  1.  Grain ;  2.  Fallow. 
Possibly  there  may  be  situations  even  now  where  this  plan  would 
be  the  more  economical,  all  things  considered ;  though  the  idea  on 
which  it  rests  can  hardly  be  r^rded  as  philosophical. 

Doubtless  one  of  the  reasons  why  bare  fallows  were  resorted  to 
by  the  forefathers  was  the  scantiness  of  their  list  of  agricultural 
plants.  Probably  at  one  time  no  field  crops  were  known  beside 
grun  and  grass.  Even  the  addition  of  pulse  seems  to  have  been  of 
the  nature  of  a  discovery  and  innovation,  and  it  is  known  that  tlie 
introduction  of  turnips,  clover,  potatoes,  and  maize,  not  to  mention 
sugar  beets,  has  greatly  chunged  the  agriculture  of  several  European 
nations.  Experience  had  taught  that,  with  the  methods  of  manur- 
ing employed  in  those  days,  grain  could  not  be  grown  continually  ; 
and  in  the  lack  of  any  alternative  crops,  a  respite  from  grain  meant 
simply  a  bare  field. 
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Manifestly,  it  would  nsaallf  be  bettor  nowaday!  to  sabstitnte 
some  kind  of  a  green  crop  for  the  bare  follow.  The  poorer  tbe 
land,  tbe  greater  the  need  of  tbe  green  crop  ;  for  it  might  then  be 
ploughed  under  as  manure,  or,  in  default  of  tabor  to  do  that,  it  might 
be  left  to  rot  upon  the  sarface  of  tbe  ground ;  or  it  might  be  mown 
and  fed  to  cattle  upon  the  ground,  of  be  paatursd  outright.  lu 
most  cases,  however,  it  will  not  be  neoeesary  thus  to  sachfice  the 
green  crop ;  fur  the  latter  not  only  feeds  upon  the  land  in  a  different 
way  from  grain,  and  does  not  exhaust  it  like  grain,  but  in  one  sense 
it  actually  tends  to  refresh  the  aoil,  and  to  make  it  fit  for  producing 
a  now  crop  of  grain. 

Bare  Faliom  may  imprint  Tilth, 

Before  tbe  use  of  steam  plonghs,  it  was  urged  by  some  European 
writers,  that  on  certain  stiff,  strong  clays  occasional  bare  fallom  are 
welluigb  essential  in  order  that  tbe  land  may  be  kept  in  good  con- 
dition. But  it  might  well  have  been  asked,  even  before  the  steam 
plough  solved  the  problem,  nhether  some  system  of  cropping  could 
not  faave  been  devised  for  this  case,  which  by  shielding  the  land 
from  injudicious  cultivation  would  have  obviated  the  need  of  fallow- 
ing it  Draining,  liming,  and  an  appropriate  use  of  manures,  might 
naturally  help  to  this  end.  From  facts  which  have  been  set  forth, 
under  the  heed  of  Tillage,  relating  to  the  danger  of  puddling  clays 
by  improperly  working  them,  it  seems  probable  that  the  purpose  of 
the  follows  in  the  case  now  in  question  was  merely  to  reform  tbe 
tilth  of  the  btnd. 

Other  writera  have  justly  nphdd  the  dictum,  that  it  is  much 
better  to  have  bare  fallows  occasionally  than  it  would  be  to  con- 
tinue to  grow  crops  incessantly,  in  case  there  was  not  enough 
manure  at  one's  disposal  to  keep  the  land  in  a  proper  state  of  fer- 
mentation ;  for,  by  the  excessive  cropping,  poor  land  would  speed- 
ily be  "run  out,"  i.  e.  it  would  become  hard,  "sour,"  and  "out  of 
condition."  In  short,  there  would  result  a  state  of  afiaiis  not  easily 
to  be  explained  in  our  present  ignorance  of  the  more  delicate  chem- 
istry or  mycology  of  the  soil,  but  sufBciently  well  known  to  practi- 
cal men  as  a  danger  to  be  avoided.  Indeed,  if  the  cropping  were 
pnshed  too  far,  the  final  barrennesH  of  the  land  induced  by  the 
scourging  might  perhaps  necessitate  a  period  of  rest  much  longer 
than  the  aggregate  of  all  the  bare  follows  which,  if  judiciously  in- 
terpolated, could  have  saved  the  soil  from  any  extreme  exhaustion. 
Excepting  the  clover  rotation,  which  would  be  esteemed  everywhere 
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irere  it  not  for  the  cinnmBtance  that  clover  is  apt  to  be  an  uncer- 
tain crop,  it  was  recognised  long  ago  in  some  parts  of  Europe  that 
more.gTain  can  be  got,  generally  speaking,  by  resorting  to  eystems 
of  rotation  vbicfa  include  bare  lallowt,  than  by  interpolating  euch 
green  or  fallow  crops  as  peas,  beans,  or  vetches.  In  some  localities, 
it  is  held  that  the  merit  of  this  class  of  rotations  is  not  necessarily 
that  a  larger  yield  of  the  cereal  grains  can  be  got  by  means  of  them 
in  a  given  term  of  years,  bat  that  they  produce  a  larger  amount  of 
useful  products  of  all  Idnds,  and  in  the  aggr^te,  vithont  much 
diminution  of  the  yield  of  (pvin.  More  manure  can  be  got  from 
thun  also. 

FaUov)  Fitidt  apt  to  be  gullud  by  Rairt. 

Id  all  conntries  that  are  not  actually  moist,  there  is  one  Arnda- 
mental  objection  to  the  leaving  of  land  bare,  especially  if  it  be  tn- 
quently  tilled,  in  that  rains  wash  away  the  soil  bodily,  and  winds 
blow  it  away.  It  is  by  causing  such  waste  as  this  that  careless 
systems  of  sgriculture  tend  to  destroy  a  country,  and  it  is  by  pre- 
venting it  that  forests  and  prairies  preserve  the  fertility  of  the  land. 

Probably  there  are  but  three  considerations,  other  than  those  re- 
lating to  the  prices  of  labor  and  land,  that  can  really  justify  bare 
&]]owa ;  viz.  the  opportunity  afforded  to  accumulate  a  store  of  ni- 
trates in  the  land  for  the  coming  crop ;  to  clear  foul  land  from  some 
kinds  of  weeds ;  and  the  fact  that  in  dry  climates  fallow  land  is 
lees  likely  to  suffer  from  drought  io  the  autumn,  at  the  time  for 
sowing  grain,  than  land  from  which  moisture  Iiae  been  taken  all 
summer  by  a  leafy  green  crop.  In  any  event,  the  absence  of  any 
crop  to  binder  the  sowing  of  winter  grain  as  early  as  may  seem  fit 
is  clearly  an  advantage,  in  that  time  enoi^h  may  be  allowed  for  the 
crop  to  get  well  established  during  the  autumn  months,  and  fitted 
to  withstand  the  severe  weather  of  winter.  But  early  sowing  would 
be  impracticable  upon  land  from  which  a  leafy  green  crop  had 
pumped  out  the  water  so  thoroughly  that  not  enough  moietnie  was 
left  to  permit  the  seed  grain  to  germinate. 

Leafy  Crop»  dry  out  the  SoU. 

It  has  sometimes  been  thought  by  practical  men,  in  cases  where 
winter  grain  has  failed  to  grow  well  upon  land  from  which  a  leafy 
crop,  like  vetches,  had  just  been  taken,  that  the  real  trouble  may 
bave  been  that  the  vetches  had  dried  off  the  soil  too  completely, 
and  several  scientific  writers  bave  insisted  that  this  point  is  well 
takra. 
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The  argument  is,  tliat  the  amonnt  of  water  evaponted  by  grow- 
ing plants  is  bo  enormous,  that  a  real  jmtification  fur  bare  bUows  in 
dry  climates  is  to  be  found  in  the  fact  that  a  crop  of  clovec  or  of 
paas  might  pnmp  land  bo  nearly  dry  that  not  enough  water  to  start 
a  wheat  crop  would  be  left  in  it,  while  there  might  have  been  an 
ample  supply  of  water  in  early  autumn  in  that  same  land,  provided 
nothing  bad  been  allowed  to  grow  upon  it 

Vogel  found  that,  while  the  air  over  a  fallow  field  contained  lOO 
parts  of  moisture,  the  air  over  a  field  of  tucem  in  bloaaom  contained 
125  parts,  and  that  over  a  meadow  of  tall  grass  contained  160  ports. 
Wilhelm,  who  has  made  many  ezperiments  to  test  the  inflnenoe  of 
tillage  and  the  growth  of  vegetation  upon  the  amount  of  moisture 
in  the  soil,  has  obtained  reeults  such  as  the  following;  He  exam- 
ined, even  in  late  winter,  soils  &om  fields  on  which  different  kinds 
of  crops  had  been  grown  during  the  previons  year,  and  in  a  deep 
loam,  rich  in  humus,  he  found  the  following  percentage  amonnte 
of  moisture. 

At  k  Stptk  In  tha  tnth  Buth. 


UkStptk  

ol  FhE.  IUIb  PMd.        Lueera  FlekL  Hiiia  Flgtd.        Luuua  FMiL 

i  22.8  17.7  28.6  Sl.i 

H  1S.9  18.3  20.  S  ie.3 

si  ie.i  12.2  ie.7  is.a 

In  a  marly,  sandy  loam,  overlying  pure  moist  sand,  he  found, — 

AtmDapUi  IntliafnUiEvtb.  CiIcdIiIhI  on  drr  Butb. 

oTFhC  Wlisitntld.       B«<tFMd.         Wbot  Field.  BHtFlald. 

i  18.81  ie.02  28.22  20.S7 

]}  20.31  18.01  38.28  31.H 

2^  S4.2S  21.61  32.03  37.S7 

In  both  cases,  the  fields  which  bad  been  longest  covered  with 
growing  crops  (lucent  and  beets)  contained  less  moisture  than  the 
others.  It  will  be  noticed  also  bow  the  deep-rooted,  free-grawing 
.  lucem  sapped  the  subsoiL 

In  a  year  when  abundant  nina  had  fallen  in  August  and  the  first 
half  of  Beptembei,  he  contrasted,  on  October  29,  iba  soils  of  two 
contiguous  fields  which  had  carried  bailey  and  sugar  beeto  respect- 
ively.    His  resulte  were  as  follows :  — 
Bablbt  FiBLn. 

AnifitmtofWiiter  Witer-hoWlBg  The  fn«h 

In  1D0  PDT  Mcb  PnwuofUie  BnU  «ntiln>d 

SepLh  uul  Kind  at  Boll.                     Pirti  100  Parti  drTSoll.  for  %(ifaIlUM 

of  tha  of  dry  Watn-.t  Wllerltofinld 

Sou.  Sou.  Sft.  bmhdd. 

In  i  ft.  loamj  marl      ....     14.89  17.flO  Bl.SS  S1.I3 

Id  It  rt  loMDT,  sandy  marl  .    .    18.18  32.16  Sa.<7  78.76 

In  3^  ft.  sand 3.51  8.81  S6.85  t.SS 
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BiET  Field. 
Id  I  Ft.  loun;  marl     ....    ll.GO       16.97  A3.«a  2S.flt 

In  li  ft.  loam;,  MD<17  mart  .    .      B.82         9.S0  S6.ll  17.25 

lu  2)  ft.  laamj,  nody  mart  .     .     IS.SS        Ifl.lS  G1.99  31.02 

Here  again  the  influence  of  the  beets  upon  the  second  layer  of 
soil  is  dearly  marked,  and  it  is  evideat  enou^'h  that,  nnder  lees 
favorable  conditions,  this  crop  might  deprive  the  land  of  water  so 
completely  that  the  success  of  groin  sown  after  it  would  be  endan- 
gered. 

At  another  time  Wilhelm  divided  a  field,  ou  which  eeparcet  Lad 
been  growing  for  three  years,  into  five  plots,  as  follows :  — 

No.  I.  remained  covered  with  the  eeporcet. 

Nos.  II.  and  III.  were  spaded  in  April,  No.  III.  being  spaded 
deeper  than  No.  II. 

No.  IV.  was  spaded  like  No.  III.,  and  vas  sown  with  buckwheat 
early  in  August. 

No.  V.  was  sown  with  meslin  (oats  and  vetches)  in  the  middle 
of  April. 

Samples  of  earth  were  taken  from  three  sepaiate  depths  fur  com- 
parison, viz. 

from  0.1S8  metre,  nj 6j  inehts. 

"    0.*7i     '*       " 18|    •' 

"     0.790     "        ■* 81       " 

The  quantity  of  water  in  the  various  earths,  in  grams,  was  as 
follows :  — 

I.    EsFABCsr  Plot. 

lAprlL  SNaj.  SJnM.  a  Jo];.  SAus-  T  Out. 

<i.lO  S3.01  3t.78  28.22  29.11  16.71 

28.78  87.46  28.30  21.68  16.9B  18.6S 

3S.69  37.SS  Se.lS  St.  79  20.01  31.61 

II.     BaBB  AXa  LEAST  HELLOW  PLOT. 

21.71  28.83  2S.27 

22.73  30.31  19.61 

36.18  36.11  2S.9G 

III.    Bake  Btrr  mellow  Plot. 
11.23  12.82  80.80 

36.69  27.16  20.34 

2S.1S  26.12  36.30 

lY.    BircKWHBAT  Plot.i  V.    UESLUt  Plot. 

S  Atig.  7  Oct.  t  July,'  6  Ang.«  T  Oct.' 

43.13  25.91  17.16  27.H8  32.98 

37.82  21.20  16.73  17.01  16.21 

27,40  24.16  1S.62  20.36  19.61 

1  No.  IT.  «■«  trcstAd  preoisel]'  like  No.  III.  autil  th«  buckwheat  ma  sows. 

*  Jurt  before  mowing.  '  Stabble  ground. 
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Th«  differances  between  the  upper  and  second  layers  in  the  difiei- 
eut  months  depend  iu  part  upon  varying  rainfalls.  Thus,  the  rain- 
fall in  the  separate  montha  from  April  to  September  wae :  April, 
49.76  millimetres;  May,  83.24;  June,  59.78;  July,  98.89;  Au- 
gust, 48.52;  and  September,  32.66. 

As  compared  with  some  of  the  othera,  the  esparcet  plot  No.  I. 
pnmped  out  water  from  the  lower  layer  of  soil  incessantly  during 
the  summer  months. 

The  bare  and  comparatively  firm  earth  of  plot  No.  II.  evaporated 
a  great  deal  of  moisture  from  the  aur&ce,  and  from  the  second  layer 
alao  when  the  times  were  dry.  But  it  was  on  plot  No.  V.  that 
some  of  the  moat  remarkable  results  of  all  were  noticed.  The  mea- 
lin  grew  luxuriantly,  and  it  toolc  a  great  deal  of  moisture  out  from 
the  earth ;  notably  from  the  middle  layer,  though  both  the  surface 
aoil  and  the  third  layer  supplied  no  small  quantity.  Such  a  leeuU 
as  this  certainly  goes  &r  to  prove  the  correctness  of  the  view  that 
winter  grain  is  apt  to  tail  when  sown  after  a  thirsty  crop ;  and  it 
supports  the  inference  that  the  old  prejudice  in  favor  of  bare  fal- 
lows may  really  have  depended  in  many  cases  upon  the  need  of 
moisture,  and  on  that  account  have  been  more  worthy  of  respect 
than  some  modem  writers  have  been  willing  to  allow. 

The  large  proportion  of  water  found  iu  the  buckwheat  plot  is 
noted  by  Wilhelm  as  remarkable.  The  experiments  in  this  case 
were  repeated  several  times,  in  order  to  make  sure  of  the  accuracy 
of  the  results.  Taken  in  connection  with  the  familiar  fact  that 
buckwheat  sncceeds  well  upon  light  soils  as  a  stubble  crop,  i.  e.  in 
the  drieet  portion  of  the  year,  they  suggested  to  him  the  thought 
that  buckwheat  may  perhaps  need  comparatively  little  water.  But 
the  methodical  experiments  of  Hellrieget  count  against  this  idea, 
for  it  was  found  that  buckwheat  really  transpires  as  much  water  as 
other  kinds  of  plants. 

It  is  hardly  conceivable  that  the  twocoureo  rotation  can  have 
been  established  for  the  sake  of  killing  weeds,  though  it  is  not  un- 
likely that  it  may  have  been  esteemed  both  for  supplying  nitrates 
and  as  a  saf^nard  against  drought. 

Green  Crop*  tfuide  fh«  Ster/aee  Soil. 

In  apparent  opposition  to  what  has  been  said  above,  as  to  the 
removal  of  water  from  the  soil  by  crops,  it  is  often  urged  that  green 
orope  do  good  by  shading  the  ground ;  that  they  mulch  it,  as  it 
wan ;  and  there  is  something  of  truth  in  this  idea,  in  so  far  as  the 
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sur&ca  Mil  is  concerned.  Indeed,  evideDcea  of  moistnie  on  the 
Burfocft  of  the  soil,  beneatii  leafy  crope,  such  as  beets  and  rutabagas, 
are  so  often  to  be  seen,  that  it  is  easy  to  lose  sight  of  the  drain 
upon  the  moistnie  a  httle  lover  down  which  such  crops  may  oc- 
casion. The  surface  soil  may  be  Tisiblj  moist,  oi  ooTered  perhapi 
vith  fresh  moist  casts  of  earth-wonns,  at  ■  time  vhen  bare  land  ie 
lather  dry,  and  a  considerable  effort  ie  required  in  order  to  gmep 
the  conception  that  the  soil  below  the  surface  of  the  beet  field  is 
lees  moist  than  would  be  well. 

Misled  by  tfaese  appearances,  eome  persons  have  eien  argued 
that  weeds,  by  shading  land,  may  prerent  it  from  becoming  dry. 
But  this  idea  must  be  accepted  with  many  qualifications.  To  re- 
fute it,  it  would  only  be  necessary  to  examine  in  dry  weather,  at  a 
depth  of  a  few  inches  from  the  surface,  a  bare  soil  that  had  been 
hoed  recently,  and  to  compare  the  amount  of  moisture  found  there 
vith  that  contained  in  similar  soil  at  an  equal  depth  near  the  roots 
of  a  thick  growth  of  weeds.  An  astoDishing  difference  would  be 
perceived  at  once.  Indeed,  on  merely  pulhng  Up  a  tall  weed  in 
dry  weather,  the  earUi  attached  to  its  roots  will  often  be  seen  to  be 
extremely  dry- 
Nevertheless,  (he  mnlcbing  effect  of  a  green  crop  is  Tolnable  on 
several  accounts,  and  it  is  a  mosim  of  practical  experience,  that 
poor  land  in  high,  dry  situations  may  get  out  of  condition  more 
rapidly  when  left  to  itself  than  it  would  if  it  were  kept  covered 
with  vegetation.  According  to  Hohenstein,  "  when  the  woods  are 
destroyed  in  warm  and  hot  countriee,  the  entire  atmosphere  is 
changed.  The  soil  becomes  bard,  and  its  aspect  arid,  and  the 
country  does  indeed  limk  as  if  it  had  been  worked  out  and  ex- 
liansted  for  all  eternity." 

In  the  same  sense,  it  is  argued  that  a  sparse  growth  of  spindling 
plants  ie  not  bo  good  for  dry  land  as  a  dense  covering  of  some  leafy 
crop  would  be.  This  remark  applies  particularly  to  the  class  of 
soils  known  ss  light  or  open,  and  has  less  significance  in  respect  to 
rich  loams,  or  to  soils  that  are  tenacious,  moist,  and  compact. 

There  is  manifestly  a  certain  analogy  between  land  shaded  by  a 
crop  and  that  shaded  by  a  forest.  The  same  coolness  and  moisture 
is  found  at  the  surfiM«  of  the  gronnd  in  both  instances,  thongh  in 
veiy  different  degrees,  and  the  action  of  the  roots  upon  the  lower 
layers  of  soU  is  strikingly  similar  In  the  two  casss.  The  shading 
of  the  Und  by  the  green  crop,  the  hindianee  which  the  plants 
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give  to  the  beating  action  of  rain  upon  the  soil,  and  tbe  dripping  of 
dew,  as  well  bs  the  exhalation  of  mQiatuTe  from  the  leaves  of  the 
plants,  are  all  good  foi  tbe  surface  eoil ;  and  where  the  aur&ce  of 
the  land  is  kept  open,  the  layers  next  below  will  have  better  oppor- 
tunity to  profit  from  the  access  of  air  and  laia  tlian  if  tbe  upper 
cruat  were  baked  hard. 

It  ia  not  dif&cult  to  understand  liow  it  is  that  with  some  kinds 
of  crops,  such  as  lacem,  for  example,  more  moistuis  may  actually  be 
found  iu  the  soil  near  tbe  surface  of  the  groand  than  in  tbe  lower 
layers,  where  the  rooto  are  in  full  action.  The  excess  of  moisture 
in  tbe  upper  layers  of  soil  is  explained  hy  tbe  bet,  that  at  the 
surface  the  soil  is  exposed  both  by  day  and  by  night  to  tbe  moist- 
ure which  the  leaves  of  the  plants  exhale,  and  that  during  tbe  night 
there  is  an  enormous  deposition  of  dew  upon  tbe  leaves,  much  of 
which  trickles  down  to  the  ground  and  is  held  there.  Xot  only 
ia  there  more  dew  to  fall  in  the  moist  air  over  the  leafy  plants  than 
there  ia  in  the  air  over  a  bare  fallow,  but,  since  the  radiation  of  heat 
tiom  the  le«f-«OTered  land  is  greater  than  from  the  baie  laud,  dew 
be^ns  to  fall  earlier  in  the  evening  upon  tbe  leaves. 

It  is  noteworthy,  however,  that  the  physical  forms  of  different 
plants,  L  e.  tbe  manner  iu  which  their  leaves  join  tbe  stalks,  have  a 
marked  influence  upon  tbe  amount  of  dew  which  is  shed  from  the 
leaves  upon  the  soil.  Thus,  beete  and  rutab^^  and  Indian  com 
freely  shed  the  dew  which  is  deposited  upon  them.  Much  of  it 
tncklee  down  their  leaves  and  stalks  to  the  ground  without  hia- 
dmnce.  But  potatoes,  on  the  other  hand,  appear  not  to  ehed  dew 
so  easily ;  and  it  will  oftener  than  not  be  noticed  that  the  earth 
beneath  potato  vines  seems  to  be  dry. 

Moreover,  the  mere  evapoi&tion  of  water  from  the  surface  soil  un- 
der the  leafy  plants  is  less  than  the  evaporation  from  bare  land,  since 
the  shaded  land  is  protected  from  the  sun  and  kept  comparatively 
oooL  On  the  6tb  of  May,  between  3  and  4  f.  h.,  the  mean  daily 
temperature  of  tbe  air  of  tbe  locality  being  about  21°  C.  {=  70°  F.), 
Wilhelm  found  differences  of  13°  and  16°  C.  in  tbe  air  above  a  bare 
field  and  that  above  fields  of  lucem  and  esparcet  in  the  immediate 
neighhoibood.  That  ia  to  say,  the  air  over  the  bare  land  was  23°  F, 
hotter  than  that  lying  over  one  of  the  clover  fields,  and  29°  F.  hotter 
than  that  lying  over  the  other.  Moreover,  tbe  layer  of  air  that  rests 
upon  the  soil  will  naturally  be  moister  where  a  crop  is  growing  than 
on  bare  land,  because  of  exlialation  &om  tbe  leaves,  and  tbis  cir 
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camstanca  will  hinder  evaporation  from  the  suHace  soil  Indeed,  it 
may  sometime!  happen,  as  waa  said,  that  the  soil  may  absorb  from 
the  air  a  small  part  of  tbia  moisture.  Evapoiatton  is  lessened  also 
by  the  &ct  that  the  wind  has  less  ready  access  to  the  shaded  land 
than  to  that  which  is  bare. 

As  has  been  explained  in  another  connection,  the  moistened  and 
shaded  surface  soil  must  he  specially  favorable  for  nitrification,  and 
to  this  Uiat  probably  more  than  to  any  other  one  circumstance 
should  be  referred  the  idea  of  practical  men,  that  it  is  well  to  groir 
leafy  and  non-leafy  cropa  in  alternation  with  one  another. 
Green  Crop*  bring  FertUueri  to  the  Surface. 

One  other  point  remains  to  be  considered  as  bearing  upon  th« 
practice  of  growing  fallow  orope,  instead  of  leaving  the  land  bara, 
viz.  that  the  capillary  flow  of  watsr  through  the  land  from  below 
upward  will  necessarily  he  stronger  when  plants  are  growing  npon 
the  soil  than  when  the  surface  is  bare.  But  the  stronger  the  capil- 
lary flow,  the  more  soluble  matters  will  be  moved  from  the  subsoil 
towards  the  surface.  Hence,  one  great  merit  of  clover  in  a  rotation 
doubtless  depends  upon  its  keeping  op  a  constant  ciroulatioo  of 
moisture  in  the  soil  from  below  upward,  whereby  large  quantities 
of  ash  ingredients  which  the  water  held  dissolved  are  brought 
nearer  to  tiie  snrfoce  than  they  were  before,  and  are  left  in  a  posi- 
tion where  future  crops  can  profit  by  them. 

It  is  understood,  of  course,  that  all  moisture  exhaled  by  the 
leavee  of  plants  was  previously  pum]>ed  into  those  plants  out  of 
the  soil  by  the  roots,  and  that  a  capillary  movement  of  water  in 
the  soil  towards  the  roots  is  immediately  excited  and  maintained 
whsn  the  water  previously  in  contact  with  the  roots  is  thus  re- 
moved. But  this  capillary  water  as  it  flows  towards  the  roots 
necessarily  brings  thither  everything  which  it  holds  in  solution. 
The  clover  or  other  crop  consumes  what  it  needs  of  these  trans- 
ported matters,  but  there  is  always  a  large  surplus  of  them  over 
and  above  what  can  be  used  by  the  clover,  and  this  surplus  remains 
in  the  soil  for  the  benefit  of  succeeding  crops. 

In  a  dry,  hot  climate  like  our  own,  the  efiects  due  to  the  trans- 
piration of  water  from  the  leaves  of  plants  will  natuially  be 
specially  well  marked.  President  Dwight  of  Yale  College  long 
ago  noticed  the  peculiar  influence  of  the  northwest  winds  of  New 
England  as  bearing  upon  this  matter.  He  was  saanred  by  farmen 
who  cultivated  tobacco,  that  the  iMvea  of  this  plant  are  perceptibly 
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thicker  and  bsavfer  aftor  a  noithwaet  wind  has  blown  for  two  or 
three  days  thtm  they  are  at  any  other  time,  and  that  anch  a  teason 
ia  considered  the  beat  for  catting  the  crop.  When  grass  is  mown 
at  Btioh  a  season,  it  is  noticed  that  the  scythes  become  covered  with 
the  juice,  which  is  then  thick  and  viscid.  This  "gum"  adheres  so 
tenaciously  to  the  metal,  that  the  whetstone  has  to  be  nsed  continn- 
aHy,  not  to  give  the  steel  an  edge,  but  to  remove  the  glatinous 
matter.  Hence,  conversely,  the  advantage  of  mowing  grass  veiy 
early  in  the  morning  when  dew  is  upon  it. 
Leffume  Sotationt. 

Beside  the  rotations  in  which  grass  was  brought  in  to  refresh  the 
land,  other  Bystems  based  upon  the  cultivation  of  legumes  have  for 
several  hundred  years  found  application  in  Europe, 

As  has  been  said,  several  Roman  writers  make  mention  of  this 
altemation,  and  it  ia  known  that  in  some  districts  of  England  beans 
were  introduced  into  the  threfr«)nrBe  system  at  a  very  early  period, 
even  as  early  oa  the  time  of  common  fields.  In  some  parts  of  Eng- 
land it  became  customary  very  early  to  have  the  arable  land  of  a 
form  in  two  great  divisions,  knows  aa  "infield"  and  "ontfield" 
respectively.  The  infield  waa  usually  smaller  than  the  ontfield, 
and  was  near  the  farmyard  ;  it  comprised  a  third  or  a  quarter  of  all 
the  cultivated  land.  The  size  of  this  division  was  determined  by 
the  amount  of  dung  produced  in  the  farmyard,  and  it  received  the 
whole  of  it,  usually  upon  the  crops  of  a  three-courae  rotation,  viz, ; 
1.  Wheat  or  barley ;  2.  Oats  or  barley ;  and  3.  Beans  or  peas.  But 
on  the  ontfield  the  rotation  was  very  different.  Sometimes  it  was 
grain  for  two  years,  followed  by  two  years  of  &llow  field  raod  aa 
pasture ;  and  sometimes  there  were  three  fields,  each  of  which  was 
kept  three  years  in  grain,  and  then  given  over  to  six  years  of  the 
I>oor,  fallow,  unseeded  pasture.  Here  the  gnss  and  thelegume  rota- 
tions overlapped  one  another.  But  it  was  the  recognition  of  the 
truth  that  the  leguminous  plants,  such  as  peas,  beans,  vetches,  and 
clover,  —  OS  well  as  hoed  crops,  such  as  roots  or  potatoes,  —  can 
be  grown  with  success  on  land  that  is  in  no  fit  condition  to  snetain 
a  crop  of  grain,  that  gave  rise  to  intelligent  systems  of  rotation  snch 
as  have  long  prevailed  in  many  parts  of  Europe. 

Here  was  a  decided  Bt«p  in  advance ;  an  improvement  based  on 
Intrinsic  merit,  and  thereby  differing  essentially  from  the  original 
three-course  system,  which  depended  in  good  part  merely  upon 
physical  and  social  circtunstanoes.     Indeed,  looking  solely  from  the 
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cbemioal  point  of  view,  the  three^onree  aystem  codM  hardly  be 
ragarded  u  a  true  lotation,  were  it  not  that  in  the  practice  of  niahiDg 
barley  or  oats  follow  wheat,  instead  of  growing  wheat  twice  in  euc- 
eession,  there  is  a  clear  recognition  of  the  fundamental  idea  that 
different  crops  act  differently  upon  the  soil ;  and  that  this  idea  is 
the  germ  of  all  the  improvemeolB  which  have  eiuce  been  made. 

The  introduction  of  beans  in  the  third  year,  as  a  preparatory 
crop  fur  wheat,  was  undoubtedly  a  decided  improvement  upon 
many  stiff  soils ;  and  there  are  several  other  very  old  Belgian  and 
English  systems  which  are  remarkable  for  the  cleameea  with  which 
they  illustrate  the  ides  that  no  two  crops  of  like  needs  should  ever 
succeed  one  another.  Thus,  in  the  county  of  &ent,  there  was  a 
two-conrae  system  of,  1.  grain  crops,  and  2.  part  l^^mes  and  part 
turnips,  for  sheep-food ;  or  of,  1.  f^in,  and  2.  beans.  The  sheep- 
fold  was  the  source  of  msuure  for  the  wheat.  The  sheep  were  fad 
daring  spring  and  summer  upon  vetches,  and  during  winter  upon 
tumipe.  Arthur  Young  mentions  an  analogous  rotation  of  turnips 
and  barley  alternately,  with  the  occasional  intervention  of  clever, 
on  very  poor  l^ht  land  in  Durham.  The  tumipa  were  fed  off,  as 
in  the  other  case,  to  folded  sheep.  Here  again  are  just  conceptions 
of  the  real  significance  of  rotation.  Most  of  the  modem  eystfims 
are  mere  extensions  of  these  ideas. 

Minor  RuUt  of  JMation. 

Several  writers  have  endeavored  to  systematize  the  leaser  mles  of 
rotation  somewhat  as  follows ;  — 

Such  plants  as  tend  particularly  to  exhaust  the  soil,  like  the  grain 
crops,  should  only  be  sown  when  the  bud  is  in  good  heart  They 
ought  not  to  succeed  one  another,  but  should  be  followed  by  plants 
that  are  less  exhausting. 

In  proportion  as  a  soil  is  fonnd  to  be  easily  exhausted  by  cropping, 
plants  that  are  non-exhaustive  should  be  grown  mora  frequently 
upon  it. 

Tt  is  adrant^teous  to  alternate  planta  that  have  tap-roots  with 
those  whieh  have  spreading  roots. 

No  two  crops  favorable  to  the  growth  of  weeds  should  be  per- 
mitted to  succeed  each  other. 

As  with  weeds,  so  with  insects  and  fungi.  It  iseuential  in  many 
cases  to  change  the  crope  frequently,  to  hinder  the  increaee  of  these 
pests.  There  an  various  insects  injurious  to  groin  which  would 
increase  to  an  alarming  extent  if  the  land  were  devoted  exclusively 
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to  grain  crops  year  after  year.  But  when  a  crop  inteireneg  on 
which  the  insects  cannot  live,  as  beaus  or  tumipH  after  vbeat  or 
oats,  then  the  whole  tribe  of  grain  iusects  may  perish  or  disappeu 
from  the  tield  for  want  of  proper  food.  The  finger-and-toe  disease, 
and  the  clump-foot,  in  like  manner,  prevent  the  coutinaal  cultiva- 
tion of  tumipa  and  cabbages.  Farmers  and  market  gardeners  in 
the  vicinity  of  Boston  would  be  glad  to  grow  cabbages  year  after 
year  upon  the  same  land,  but  they  cannot,  because  of  the  diaeaee 
called  clump'root.  So  it  ia  with  beet  roots  in  Europe.  In  some 
localities,  nematode  worms  and  other  pests  prevent  the  continuous 
cultivation  of  the  sugar  beet. 

"  Faliow  Cropi." 
For  a  very  long  time  now,  green  crops  such  as  those  just  man- 
tioued  have  been  called  "  fallow  crops,"  and  have  been  substituted 
almost  everywhere  for  the  old  bare  follows.  Beside  their  power  of 
utilizing  fresh  manure,  several  of  the  fallow  crops  tend  to  enrich  the 
soU  ;  or,  rather,  they  work  against  the  exhaustion  of  the  soil  in  sev- 
eral ways.  Some  of  theni  create  a  great  movement  of  moisture,  by 
which  ash  ingredients  are  brought  from  afar  into  the  standing, 
ground  of  the  plants,  much  in  the  same  way  that  a  forest  brings 
food  to  the  surface.  And  just  ss  a  forest  enriches  the  soil  with 
its  leaves,  so  several  of  the  fallow  crops,  particularly  some  of  the 
leguminous  plants,  leave  a  large  quantity  of  vegetable  matter  in 
the  soil.  In  order  to  illustrate  this  point,  Buussingault  bad  the 
roots  and  stubble  of  seveml  crops  forked  out  &om  measured  plots, 
and  he  determined  the  wei^it  in  kilograms  of  refuse  matters  lefl 
in  and  upon  a  hectare  of  land  by  each  of  the  crops  mentioned  in 
the  table. 


rrabor 

cUh, 
Dried  Hi 

''™"d 

In  U>.  Brfu-. 

KlloL         Kilo.. 

Clover  hay  . 

2,600 

i,a7G 

2,000 

1,647 

27.9         1B4.9 

pQtatoca      . 

.     12,*00 

2,088 

2.870 

S87 

15.8        122.S 

Uangolda    . 

.    I4.eai 

1,820 

10,472 

1,167 

62.6        250.9 

0»t»  .     .    . 

.       2,031 

1,608 

912 

650 

2.6          33.1 

Wheat    .     . 

.      1,172 

1,002 

700 

G18 

2.1          36.3 

On  adding  together  the  figures  given  above  for  the  five  crops  plus 
those  for  a  second  crop  of  wheat  which  belonged  to  the  rotation,  we 
obtain  the  following  sums  total. 

Sums  of  nop*       34,196      I0,89G          17,6S4         S,0S7         108.0        673.8 
Hanura  applied     40,086      10,161  203.2     3,271.9 
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Whence  it  sppeors  that  the  residues  left  by  the  crops  and  buried 
in  the  land  during  the  rutation  amount  to  almost  lialf  the  weight 
of  the  manure  which  vas  applied  at  the  beginning  of  the  courae. 
The  contrast  is  obscured,  however,  by  the  fiict  tliat  either  the  beet 
leaves  or  the  potato  vines  should  be  left  out  from  the  additions, 
since  only  one  or  the  other  of  these  two  crops  would  be  grown  in 
the  five  years'  course  which  Boussiugault  studied.  The  two  crops 
were  alternative. 

With  n^rd  to  clover,  it  appears  that  for  every  ton  of  hay  hor- 
Tested  1,600  lb,  of  roots  and  stubble  are  left  upon  the  land,  all  the 
weighings  being  regarded  as  air-dried  products,  for  the  sake  of  com- 
parison. It  is  no  wonder  then  that  grain  crops  succeed  well  after 
clover,  for  they  mnst  find  abundant  nourishment  in  such  a  mass  of 
decaying  organic  matter.  The  clover  refuse  is  necessarily  rich  in 
nitrogenized  matters,  and  in  ash  ingredients  also,  because  the  plant 
is  mown  wlule  yet  green,  and  before  it  baa  reached  maturity.  In 
proof  of  this  fertilizing  power,  Boussiugault  cites  the  fact,  that 
wheat  taken  before  clover  in  the  rotation  studied  by  him  habitually 
gives  16  or  17  hectolitres  of  grain  to  the  hectare,  while  wheat  taken 
after  clover  gives  20  to  21  hectolitres. 

Several  other  ohserveia  have  made  detailed  obHervatious  as  to  the 
amounts  of  stubble  left  by  various  crops.*  The  following  table 
by  Weiske  gives  the  weight  in  German  pounds  {=1.1  lb.  avoirdu- 
pois) of  residues  and  fertilising  ingredients  left  on  a  Morgen  of  land 
(=0.631  acre),  on  the  average,  by  the  crops  enumerated. 
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Organic  nwtter 
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Ash  ingndients  . 

.      9*5 
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828 

S2S 

1.101 
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13.2 

15.1 
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110 

78.2 

70.8 

PolMh  .    .    . 

18 

6 

U 

11 

17 

21 

S5 

Pboiphoric  acid 

15 

7 

17 

7 

IS 

23 

17 

■  Sm  Betden's  DQugerlehn,  1.  73,  aud  III.  SIS ;  also  Hellri^l'i 
trage,"  p.  148,  el  mq. 
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Ubd.  of  Clover.         ddl*. 

StubblK  and  roots     .     a,S7D       1,79G 
1,4S3 


Orguiia 

Ath  ingndienta  . 

Nitrogen   . 

PoUsh  .    . 

Phosphoric 

Hngncsia  . 

In  Germanj,  the  vhit«  lupine  as  well  as  the  clover  crop  has  been 
found  to  be  an  excellent  preparatory  crop  to  precede  winter  wheat, 
and  the  following  experiment  of  Dietrich  fully  supports  this  view. 
He  found,  in  lonnd  numbers,  2,000  German  lb.  of  roots  and  stubble 
to  a  Hessian  acre  (=  0.69  Enghsh  acre),  and  in  this  moss  of  ref- 
use there  was  contained  some  33  IK  of  nitrogen,  922  lb.  of  carbon 
(=  3.382  lb.  carbonic  acid),  41  lb.  of  lime,  I^  lb.  of  magneaia,  6 
lb.  of  potash,  and  7  lb.  of  phosphoric  acid.  Sinoe  the  lupine  is  a 
plant  that  only  succeeds  in  deep  soils,  and  since  from  the  stnictnre 
of  its  roots  it  is  evidently  well  fitted  to  take  food  from  the  subsoil, 
it  would  seem  to  be  especially  proper  to  regard  the  residuea  left 
npon  the  land  by  it  as  contributions  from  the  subsoil  to  the  sitrbce. 

The  rotation  of  clover  with  wheat  is  practised  in  some  parts  of 
this  country;  in  Ohio,  for  example,  and  in  some  of  the  grain  re- 
gions of  New  York.  It  will  be  noticed  that  clover  stnbble  yields 
what  is  to  all  intents  and  purposes  a  green  manuring.  The  case  is 
widely  different  from  that  of  a  crop  of  flax,  for  instance,  for  the 
flax  plant  is  wellnigh  completely  removed  from  the  land.  And  yet 
it  is  true  that  neither  the  amount  of  lefoBo  left  by  clover,  nor  the 
quality  of  this  refuse,  can  wholly  explain  the  merit  of  this  crop  as 
a  forerunner  of  wheat  As  may  be  seen  in  one  of  the  forcing 
tables,  the  crop  of  beets  examined  by  Boussingault  left  much  more 
refuse  on  the  land,  and  much  more  nitrogen  and  ashes  in  this  refuse, 
than  the  clover  did ;  yet  beeta  are  not  esteemed  as  a  crop  to  pre- 
cede wheat.  On  the  contrary,  in  Bonssingault's  rotation,  wheat 
did  not  ancceed  well  after  beets ;  not  so  well,  in  fact,  as  it  did  after 
potatoes  even,  which  leave  a  much  smaller  amount  of  refuse  on  the 
land  than  beets.  After  clover,  wheat  snoceeds  out  of  all  proportion 
better  than  it  does  after  either  beets  or  potatoes. 

One  reason  of  this  difference  will  be  seen  on  referring  to  the  ex- 
periments of  Lawea  and  Gilbert  on  page  410  of  Tolame  I.,  who  find 
that  beets  and  other  root  crops  exhaust  the  upper  layen  of  the  soil 
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of  aTailable  nitrogen  mnch  more  completelj  than  either  beans  or 
oloyer  do.  Indeed,  beaoa  and  clover  are  remarkably  noD-exbaiutiTe 
ill  thia  partioular  respect. 

Stt«M  has  sometimes  been  laid  also  on  the  different  mecbanical 
effects  on  the  soil  of  the  two  kinds  of  crops.  Thns,  English  farm- 
ers early  in  this  century,  while  regarding  clover  and  horse-beans  as 
excellent  forerunners  of  wheat,  did  not  consider  potatoes  so  irell 
fitted  for  the  purpose.  For  although  potatoes,  like  clover  or  beans, 
may  be  freely  dressed  with  mannre,  sud  forced  as  hard  as  may  be 
wi^ed,  it  was  thought  that  the  loosening  of  the  soil  incident  to  the 
cultivation  and  harvesting  of  the  crop  rendered  the  land  lees  ^  for 
wheat  tEian  it  was  in  the  other  cases.  Hence  they  preferred  to  sow 
barley  and  clover  after  potatoes,  and  hare  the  wheat  oiop  succeed 
tiie  clover. 

ZtpamiTUiu*  Crops  obtain  Nitrogen. 

There  is  one  point,  which  has  been  discnseed  already  at  eoDsid- 
erahle  length  in  another  connection,  that  needs  to  be  insieted  upon 
yet  again  when  considering  rotaUons;  viz.  that,  in  order  to  secure 
a  crop  of  clover  or  other  leguminous  plant  on  fairly  good  laud,  &r 
less  uitrt^nous  manure  need  be  applied  than  is  required  to  grow  a 
wheat  crop.  This  &ct  is  not  a  little  astonishing,  no  matter  how 
often  it  may  be  regarded,  because  the  l^uminous  plants  are  richer 
in  nitrogen  than  meet  others,  and  they  really  take  off  from  the  soil 
a  great  deal  more  nitrogen  than  wheat,  perhaps  twice  as  mnch  on 
the  average.  Evidently  the  leguminous  crops  are  better  abls  to 
supply  themselves  with  nitrogen  from  the  natural  stores  in  the  soil 
than  the  grain  crops  are.  It  is  not  impossible,  as  hss  been  said, 
that  the  clover  or  other  legume  can  feed  upon  certain  nitrogen  com- 
pounds in  the  soil  which  cannot  be  consumed  by  grain,  just  as  lupines 
can  take  up  inorganic  matter  from  powdered  rock  on  which  wheat 
would  starve.  Or  it  may  be  that  the  plants  in  question  promote  in 
some  way  the  formation  of  assimilable  nitrogen  compounds. 

The  fact  that  the  term  of  growth  of  most  of  the  fallow  crops  is 
comparatively  long,  as  contrasted  with  that  of  grain,  is  always  to 
be  remembered.  For  the  fiillow  plant  not  only  has  a  longer  time 
than  the  grain  plant  in  which  to  collect  food  from  the  soil,  but,  if, 
as  has  been  suggested,  it  does  lead  to  the  production  of  nitrogenous 
food,  it  has  abundant  time  in  which  to  accomplish  that  purpose 
and  would  probably  be  most  active  at  the  moment  when  its  growth 
is  most  luxuriant,  and  there  is  greatest  need  of  food. 
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Oraitt  Crop*  rued  to  be  fed  with  yitroffen. 

The  comparatively  feeble  power  of  the  grain  crops  to  supply 
themselves  with  nitrogen  is  a  point  that  cannot  be  too  strongly 
insisted  upon.  Tak^n  in  connection  with  the  other  fact,  that  tbe 
fallow  cTope  can  get  nitrogen  for  themaelves  from  fairly  good  land, 
it  serves  to  eiplain  the  experience  of  the  English  fanners,  that,  for 
soils  in  good  condition,  assimilable  lutrogen  compouuda  are  the 
proper  manure  for  grain  crops. 

yUraia  and  Ammonia  Kot  apeeially  utffut  on  Tnmipt. 

It  was  noticed,  however,  by  Lawes  and  Gilbert,  that,  while  wheat 
could  be  grown  upon  their  land  cnntitiuously  for  many  years  with 
success  without  any  manure  whatsoever,  the  fields  which  were  sown 
with  turnips  came  to  yield  next  to  nothing  after  three  years'  crop- 
ping, —  a  result  which  I  have  myself  had  ample  opportunity  to  cor- 
roborate in  respect  to  rutabagas.  Then,  on  applying  nitrates,  or 
ainnioniam  salts,  their  wheat  crop  was  doubled  at  once,  while  the 
turnips  were  hardly  atfected  at  all.  On  the  other  hand,  an  appli- 
cation of  Buperphosphflte  of  lime,  while  it  had  little  influence  on 
the  wheat,  brought  up  their  turnip  crop  at  once,  and  added  one 
new  item  of  evidence  to  tbe  popular  belief  that  superphosphate  is 
the  proper  manure  for  turnips.  The  question  arises  in  this  case, 
whether  the  nitrogenous  fertilizers  offered  to  the  turnips  were  of 
the  kind  really  needed.  It  is,  at  all  events,  a  plausible  inference, 
that,  thanks  to  the  presence  of  the  phosphatic  fertilizer,  there  may 
have  been  developed  in  the  soil  certain  microscopic  organisms  favor- 
able for  the  conversion  of  humus  into  a  form  of  nitrogenona  food  fit 
for  the  use  of  turnips,  though  not  fit  for  the  use  of  wheat. 

The  practical  lesson  would  seem  to  be,  that  for  turnips  the  land 
should  be  dressed  eitiier  with  a  compost  charged  with  phosphatea, 
or  with  half  or  two  thirds  the  usual  dose  of  dung,  together  with  a 
generous  addition  of  superphosphate. 

The  fact  that  the  wheat  crop  stands  in  special  need  of  nitrogen 
has  important  bearinga  on  the  theory  and  practice  of  rotation.  If, 
for  example,  a  mediocre  soil  were  manured  with  dung,  and  cropped 
with  wheat  continuously,  the  fertiliEing  materials  in  the  dung  might 
be  expended  to  tolerably  good  purpose  during  several  years,  for  the 
nitrogen  in  the  dung  would  be  sufBcient  to  enable  the  crop  to  util- 
ize  a  fair  proportion,  though  not  the  whole,  of  the  ash  ingredients 
contained  in  the  manure.  But  by  continually  repeating  upon  the 
the  same  field  the  crops  of  wheat  and  the  dreasings  of  dun^  a  soo- 
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cession  of  unoonsnined  residues  of  ash  ingredients  would  be  left  in 
the  land  year  after  year,  as  long  as  the  experiment  was  continued. 

In  order  to  use  up  the  whole  of  the  ash  ingredients,  and  pro-' 
vent  them  from  lying  idle  and  useless  in  the  soil,  either  the  ma- 
nure must  be  omitted  every  few  years,  and  some  crop  be  grown 
which  can  procure  nitrogen  for  itself  from  the  soil,  or  enough  ot 
some  special  nitrogenized  manure  must  be  added  to  the  land  every 
year  in  addition  to  the  dung,  to  enable  the  wheat  to  take  up  the 
wliole  of  the  ash  ingredients  of  the  latter. 

As  bearing  upon  this  point,  a  set  of  experiments  made  by  Iawob 
and  Gilbert  in  three  different  localities,  during  periods  of  from  four 
to  e^ht  years,  upon  soils  which  had  long  been  under  cultivation, 
may  again  be  cited.  It  was  found  that,  while  the  phosphates,  sul- 
phates, and  carbonates  of  potash,  aoda,  lime^  and  mt^esta  increased 
the  crop  of  wheat  only  two  or  three  busbela  per  acre,  as  compared 
with  the  crop  from  unmanured  soil,  a  dressing  of  sulphate  of  am- 
monia or  chloride  of  ammonium  increased  the  yield  &om  six  to  ten 
bushels, 

A  FreneK  Clover  Rotation, 

An  interesting  example  of  a  cloTer  rotation,  said  to  be  practised 
in  the  vicinity  of  Nismes,  on  one  of  the  most  fertile  tracts  in 
France,  is  as  follows.  The  course  begins  with  lucem,  heavily 
manured.  At  the  end  of  four  years  the  lucem  is  ploughed  under, 
and  wheat  is  grown  for  four  successive  years  without  any  manuia 
other  than  what  the  lucern  sod  afforded;  then  there  are  two  years 
of  sainfoin,  followed  hy  two  years  of  wheat,  and  so  bock  to  lucem 
again.  Thus  in  twelve  years  six  crops  of  wheat  are  harvested,  and 
there  is  only  one  application  of  manure.  The  wheat  is  of  excellent 
quality,  and  the  average  yield  is  at  the  rate  of  23  bushels  to  the 
acre.     The  manure  comes  from  the  town  of  Nismes,  and  from 

The  example  is  interesting  as  showing  what  can  be  done  in  a 
good  climate  with  a  soU  naturally  fertile,  and  it  illustrates  how  de- 
pendent upon  local  circumstances  all  systems  of  rotation  must  be. 
Manifestly  no  system  can  be  regarded  as  perfect,  excepting  perhaps 
for  a  single  farm  or  county,  at  some  one  special  time.  They  are 
mere  make-shifts,  all  of  them.  The  burden  of  proof  lies  upon  each 
one  of  the  systems,  to  justify  its  existence  or  continuance.  The 
farmer  who  pracUses  a  given  system  of  rotation  is  bound  to  ahow 
cause  why  he  should  not  change  and  improve  it. 
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FaUou  Cn>pt  art  retunud  to  the  Land, 

One  bet  of  enormous  impuitance  is  true  of  most  &llow  crops ; 
viz.  that,  besides  the  refuse  they  leave  in  and  upon  the  land,  ia 
the  fonn  of  roots,  or  learee,  or  stubble,  a  £lt  larger  proportion  of 
the  crop  proper  commonly  goes  back  to  the  land  in  the  form  of 
manure  tbau  is  the  case  with  the  giaia  cropa.  The  straw  of  the 
grain,  it  is  true,  is  usaally  returned  to  the  soil  in  the  manure  -  but, 
excepting  as  r^ards  potash,  straw  has  comparatively  little  fertiliz- 
ing power,  and  the  grain  itself  is  commonly  sold  off  the  farm.  A 
crop  of  turnips  or  of  clover,  oii  the  coiitraiy,  is  consumed  upon  the 
&rm,  so  that  the  greatec  port  of  the  nitrogen  and  the  whole  of  the 
mineral  constituents  are  returned  to  the  soil. 
The  Norfolk  Rotation. 

The  somewhat  famous  system  of  rotation  employed  in  Norfolk 
County  in  England,  which  at  the  beginning  of  this  century  was 
known  to  have  been  in  general  use  for  al  least  a  hundred  years,  was : 
1.  Wheat ;  2.  Barley ;  3.  Turnips ;  L  Barley ;  5.  Clover ;  6.  Grass, 
broken  np  after  the  hay  liarvest  and  fallowed  for  wheat.  This 
scheme  is  specially  interesting,  as  showing  how  the  systems  of  bare 
and  grass  fellows  gradually  changed  to  systems  of  growing  green  crops 
upon  the  fallow  fields.  The  land  received  a  dressing  of  dung  for 
the  wheat  and  for  the  turnips,  and  marl  was  added  occasionally  for 
the  barley  or  the  turnips  or  the  wheat  The  whols  system  was 
made  to  hinge  upon  the  turnip  crop,  and  the  dung  of  the  cattle,  to 
which  the  turnips  were  fed.  By  means  of  the  clover  and  the  grass, 
fodder  for  spring  and  summer  feeding  was  obtained,  so  that  all  neeil 
of  natnral  paotures  was  done  away  with.  It  b  to  be  remarked  that 
the  introduction  of  clover  into  Europe  during  the  seventeenth  and 
early  in  tbe  eighteenth  century,  and  the  cultivation  of  it,  nntiirally 
bronght  shout  very  considerable  changes  in  the  grass  rotations  then 
customary.  Indeed,  clover  soon  came  to  be  considered  as  a  kind  of 
grass,  and  is  still  regarded  as  grass  by  many  farmera,  even  here  in 
America. 

The  Norfolk  system  was  found  to  succeed  admirably  upon  the 
light,  shallow,  sandy  loams  of  that  county,  and  the  maintenance 
of  the  course  was  long  made  an  essential  condition  in  the  leases  of 
such  land. 

The  Ejtyluh  Fovr-CowTM  Rotation. 

The  four«ourse  rotation  still  much  used  iu  England  is  evidently 
an  o&hoot  from  the  Norfolk  course.    It  consists  usually  of^  1.  Tui<- 
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nips,  manured ;  2,  Wheat  or  barley,  with  clover  seed ;  3.  Glover,  or 
somettmea  beans ;  4.  Oats,  or  sometimea  wheat  It  is  said  that  thia 
ooune,  excellent  though  it  is,  cannot  be  invariaUy  kept  up,  for 
sometimes  the  tuniip  crop  will  fail,  and  sometimes  the  clover,  and 
whenever  either  of  these  mischances  happens  the  regularity  of  the 
succession  is  broken.  The  old  rules  of  procedure  were  as  follows. 
Id  case  the  turnips  fuled,  the  land  was  left  fallow  nntil  autumn, 
when  it  was  sown  with  wheat  and  clover,  or  it  waa  left  lallow  until 
next  ^ring  and  then  sown  with  barley  and  the  clover  seed.  In 
cose  the  clover  filled,  peas  were  sometimes  sown  and  ploughed 
under,  or  sometimes  oats  were  sown  in  the  clover's  place  and  clover 
in  the  oats'  place.  The  four  years'  courae  has  the  merit  of  flexi- 
bility, in  that  it  can  readily  be  changed  to  a  five  years'  coune  by 
seeding  with  a  mixture  of  clover  and  graaa,  after  the  grain,  and 
letting  the  forage  crop  stand  daring  two  years,  instead  of  one,  as 
just  stated. 

With  regard  to  the  question,  what  would  bo  the  average  loss  to 
land  worked  on  the  fout>«ourae  plan  of  roots,  barley,  clover  (or 
beans),  and  wheat,  Lawes  and  Gilbert  have  assumed,  for  the  sake  of 
the  argument,  that  the  products  sold  off  from  an  acre  of  land  in  the 
four  years  will  be  30  bushels  of  wheat,  35  bushela  of  barley,  the 
moat  obtained  from  10  tons  of  swedes,  and  clover  equal  to  6,000  lb; 
of  dorer  hay  (or  1,500  lb.  of  beau  com).  They  admit,  furthennore, 
that  the  straw  of  the  grain  crops,  and  the  dung  from  the  animals 
that  have  eaten  the  roots  and  clover  and  beans,  are  retained  upon  the 
iarm,  and  returned  each  year  to  the  land.  Whence  it  appears  that 
the  average  annual  loss  per  acre  by  the  sale  of  grain  and  meat  will 
be  from  i^  to  6  lb.  of  potash,  and  from  7  to  8  Ih.  of  phoephorio 
acid ;  amonnta  that  may  often,  if  not  usually,  be  made  good  by  dis- 
integration of  the  soil. 

But  the  common  practice  In  England  is  to  buy  oil-cake  or  the 

like,  which  is  fed  to  the  animals  with  the  roots,  so  that  the  annual 

loss  of  potash  and  phosphoric  acid  is  really  much  more  than  made 

np  to  the  land  by  thus  reinforcing  the  dung  that  is  pat  upon  it. 

A  French  Fwe-Courie  RotatioH, 

There  is  a  French  five-course  system  of  the  same  general  charac- 
ter as  the  English  four-course,  viz, :  1,  Potatoes,  or  mangolds, 
manured ;  2.  Wiuter  wheat ;  and  3.  Clover  sown  on  the  wheat  in 
the  spring;  4.  Winter  wheat  on  the  clover  stubble,  and  turnips 
aa  a  stolen  crop  on  the  wheat  stuhble;  6,  Oats.    Here  the  only 
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maniiie  is  given  to  tbe  roots  of  the  first  year.  By  nwans  of  tfaia 
hoed  crop,  aud  by  workii^  the  fallows  on  the  gnin  stabble,  tbe 
laud  is  kept  clean,  vhile  tbe  clover  sod  acts  m  a  green  manuring. 

This  course  is  one  of  several  that  were  carefully  studied  by  Bous- 
singault  many  years  sgo.  He  found  that,  starting  with  potatoes, 
all  the  crops  of  the  five  years  carried  off  from  a  hectare  of  land 

S,SSS  7,17S  B73  S51  1.011 

ElloaDf  KUaoC  Kllnoot  Kllixol  KUotor 

Cirbna.  OirgBii.  Bjfdjniiao.        Nllngtu.   Alb  iDgndfauti. 

The  amounts  of  these  elements  left  in  the  stubble  and  other 
refuse  of  the  crops  may  be  judged  of  in  some  measure  by  the  state- 
ments given  on  pages  21 L,  213,  of  this  volume. 

The  A^  InffrediaUt  of  Farm  Manure  are  nol  vreU  haUtnced. 

In  inAistiug  upon  a  previonx  page  that  the  amount  of  nitrogen  in 
farm  manure  is  inadequate  fully  to  balance  the  ash  ingredients,  the 
argument  might  have  been  pushed  still  fiirther,  and  the  kindred 
fact  have  been  dwelt  upon  tliat  the  several  ash  ingredients  of  farm 
manure  are  not  present  in  such  proportions  that  they  can  snpply  the 
wants  of  crops  in  the  best  possible  way.  This  fact  will  appear  dearly 
from  the  following  computations  of  Heiden,  who  has  contrasted 
the  amounts  of  potash  and  phosphoric  acid  ordinarily  contained 
in  farmyard  manure  with  the  amounts  of  thwe  substances  which 
would  naturally  be  carried  off  from  a  Prussian  Morgen  (=  0.S31  acre) 
of  land  by  the  crops  grown  in  several  modifications  of  a  fon^conrse 
rotation.  Thus,  tbe  amounts  taken  off  would  be,  respectively,  in 
case  the  course  of  crope  was  as  follows,  — 

PotMlL  fhtrndti.  Add. 
lb.  lb. 

1.  Whrat lfl.40  10.67 

2.  Oats 10.47  4.G9 

3.  Fotatora 66.11  18.93 

*.  Hay 39.54  11.82 

132.82  44.S1 
That  is  to  say,  the  proportion  of  potash  to  phosphoric  acid  is 
2.96  : 1. 
In  case  the  crops  were,  — 

1.   Wheat 16.90  10.67 

i.   Sar1«y 17.44  lO.Sfi 

Z.   PntatoM 96.41  18.33 

t.  Hay 89.64  11.88 

Potsih  to  phoaphorie  add  -m  2.70 : 1.  140.30  (0.07 
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If  the  ciopB  were,  — 

1.  Rje SOOS  111B 

2.  0«t« 10.97  4.S» 

8.  Pouton U.41  ie.sa 

4.  Hiy 88. 5i  ll.SJ 

Potash  to  pliotpboric  acid  —  IBS :  1.  136.95  46.39 

If  the  crope  were,  — 

1.  Wheat 18.90  10.«7 

a.   Oata 10.97  *.6» 

5.  Uangolda 148.S4  25.6Z 

4.    Hay    . 89- B4  11.33 

potuhtophoaphorieadd— 4.18:1.  S15.9S  B&.24 

If  the  crope  wete, — 

1.   Rye aO.OS  12.15 

a.   Barley 17.44  10.66 

8.    Hangolda 14S.64  3B.92 

4.   Hay 8>.64  11.82 

Potaahtoph<iaphoncacidEsB.78:  1.  aSB.SS  G9.74 

Actually,  in  a  10  years'  rotation  at  Waldau,  consisting  of  bare 
fidlow,  winter  nq>e,  wheat,  peas,  rye,  potatoes,  sninmet  fiillow  with 
elorer  and  graas  or  barley,  mown  clover,  pastured  clover,  and  rye, 
the  crope  earned  off  263,1  lb,  of  potash  and  120.8  lb.  of  phoapfaorio 
aeid  (i.  e.  3.16  potash  to  1  phoephoric  acid), 

Bnt  in  100  pounds  of  fresh  farm-yard  manure,  Wolff  fonnd  0.5S8 
lb.  of  potash  and  0.129  lb,  of  phosphoric  acid.  The  relation  b^ 
tween  the  two  being.  4.17  : 1,  And  Sohmid  found  in  manure  from 
stables  of  neat  cattle  in  one  instance  0.461%  potash  and  0.126% 
phosphoric  acid  {3.66  : 1),  and  in  another  instance  0JS5G%  potash 
and  0.074%  phosphoric  acid  (7.51 :1).  From  allof  which  it  appean 
that  cow  maanie  does  not  contain  potash  and  phosphoric  acid  in  the 
proportions  takfo  by  the  crops  cited.  Hence  the  liability,  on  the 
one  hand,  of  failing  to  supply  a  crop  with  enough  of  some  one  kind 
of  food,  and  the  risk,  on  the  other  hand,  of  dosing  it  with  an  undue 
excess  of  another  kind  of  food. 

The  figures  illustrata  (in  the  cases  of  potatoes  and  mangolds,  in 
particular)  the  importance  of  rotation  considered  as  a  means  of  put- 
ting to  profit  by  means  of  appropriate  crops  any  constituents  of 
plant-fbod  (potash  in  this  case)  which  may  have  accumulated  un- 
duly in  the  soil ;  and  they  enforce  the  lesson  that  it  is  often  well 
to  reinforce  stable  manure  with  small  additions  of  special  fertilizers 
in  Older  to  meet  the  wanla  of  particnlar  crops.    This  illustration 
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sliovs,  moreover,  bow  vastly  important  the  nuuiuie  leally  is  in  them 
rotations,  in  epite  of  all  ito  defects  in  respect  to  proportioo,  as  & 
means  of  carrying  back  to  the  land  great  quantities  of  fertilizing 
materials,  which  are  regained,  as  it  were,  by  feeding  to  cattle  the 
tailow  crops  aud  tlie  straw  of  the  grain  crupa. 

It  is  interesting  to  note  how  much  more  potash  than  phosphoric 
acid  was  taken  from  the  laud  by  the  crops  here  cited,  and  to  specu- 
late as  to  how  long  the  soil  could  have  continued  to  supply  this  pot- 
ash, or  the  phosphoric  acid  either,  in  case  dressings  of  dung  were  no 
longer  applied  to  it.  In  the  case  of  the  farm  at  Waldau,  above  cited, 
it  was  known  that  more  than  enough  manure  had  been  employed 
for  many  years  than  was  necessary  to  supply  all  the  uh  ingredients 
taken  up  by  the  crops. 

Modem  Rotationt. 

Host  of  the  modem  systems  of  rotation  in  connection  with  high 
farming  depend,  like  the  systems  last  alluded  to,  upon  the  alterna- 
tion of  straw  crops  and  leaf  crops,  or,  as  the  old  terms  were, "  white 
crops  "  and  "  brown  crops,"  to  the  exclusion  of  pasture  land.  They 
are  remarkable  chiefly  because  of  their  elasticity  or  capacity  of  ad- 
mitting a  great  variety  of  crops.  The  farmer  is  thus  left  oompartb- 
tively  free  to  ohoose  whether  he  will  grow  more  or  lees  of  any  one 
of  his  crops  in  a  given  year,  according  to  the  indications  of  the  mar- 
ket. Thanks  to  better  systems  of  tillage  and  to  the  use  of  fertiliang 
materials  brought  from  witbout,  courses  of  rotation  as  they  improve 
tend  more  and  more  to  free  the  former  from  rigid  bonds,  and  to 
bring  him  bock  to  no  system  other  than  that  dictated  by  the  pries* 
of  produce  and  of  fertilizers  in  the  markets  of  the  world.  In  mak- 
ing this  statement,  it  is  not  meant  to  imply  that  the  idea  of  rotation 
will  ever  be  given  up,  for  there  can  be  no  doubt  abont  the  impor- 
tance of  attending  to  it  But  it  is  certain  that  the  old  notion  of 
adhering  inflexibly  to  given  cuursea  of  orops  thrgngh  terms  of  years 
has  lost  much  of  its  former  signiGcanoe. 

One  modern  improvement  is  the  very  frequent  infringement  npon 
the  old  plan  of  putting  the  whole  of  the  manure  allotted  to  a  rota- 
tion on  one  crop.  1'hu  artificial  fertilizers  enable  the  farmer  to 
supplement  his  supplies  of  dung  so  easily,  that  it  is  now  thought 
to  be  best  to  dress  the  fields  frequently,  even  if  not  very  heavily  at 
any  one  time.  It  is  recognized  also  that  some  crops  profit  more  from 
dung  than  others,  which  will  do  well  with  the  chemical  fertilizera 
either  used  by  themselveB  or  as  additions  to  a  modicum  of  don^ 
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It  is  said  that  in  England  potatoes  an  seldom  or  neTer  grown 
vithoat  a  dteasiug  of  dung,  and  that  mangolds  and  beans  are  only 
larely  grown  with  artificial  fertiliters  alone.  FarmyaTd  manure  is 
there  osed  for  all  these  crops  at  the  late  of  16  to  20  tons  to  the 
acre,  supplemented  usually  with  2  or  3,  or  even  5  cwt.  of  artificial 
fertilizers.  Even  for  tnmips  a  common  plan  is  to  apply  10  or  II 
tons  of  manure  together  with  a  strong  doSe  of  superphosphate,  as 
has  been  already  st^ed. 

C^frcvButoiMM  that  eonUnl  Xotattont. 

NatoraUy  tiiere  have  always  been,  and  there  always  will  be,  vaii- 
ons  drcnmatanceB  and  conditions,  beside  those  alrasdy  mentioned, 
which  exert  no  small  amount  of  influence  on  the  ptoctice  of  rotation. 
For  instance,  either  the  soil  of  a  form  or  the  climate  of  a  form  may 
determine  absolutely  what  kinds  of  crops  shall  be  grown  there,  and 
what  Idnds  of  rotations  shall  be  practised.  The  light  soils  of  Norfolk 
County  wero  fovorable  for  the  turnip  husbandry,  as  has  been  said, 
and,  in  general,  light  soils  in  England  have  been  devoted  to  the 
growth  of  barley,  turnips^  peas,  and  clover ;  while  on  clayey  soils 
the  tendency  has  been  to  grow  wheat,  beans,  mangolds,  and  cab- 
bages ;  and  on  peaty  soils,  oats,  carrots,  and  rape.  The  climate  of 
any  mountainous  or  elevated  district  will  naturally  fovor  grass  and 
oats  or  rye,  rather  than  maiss  or  the  other  grains. 

In  England  it  has  been  noticed  that  the  compamtively  dry  climate 
of  the  southern  and  southeastern  parts  of  the  island  has  led  to  the 
onltivation  of  wheat,  barley,  and  beans,  rather  than  to  that  at  roots 
and  green  crops ;  and,  on  the  other  hand,  the  moist  snmmera  of  the 
West  of  England  and  Ireland  are  excellent  for  grass,  oats,  tnmips, 
and  rape,  though  not  favorable  for  wheat,  barley,  peas,  and  beans. 

The  luxuriance  of  foliage  at  the  South  of  Ir^ud  fills  New  £ng- 
tanders  with  amazement.  Sweet-pea  vines,  for  example,  are  said  to 
grow  there  to  at  least  three  times  the  size  of  outs.  Moreover,  the 
mild  winters  of  Inland  and  the  west  coast  of  England  have  been 
fonnd  to  be  specially  favorable  for  the  growth  of  early  spring  forage, 
SQch  as  rye  and  vetches,  and  for  some  kitiile  of  early  vegetablea. 
But  diffeienoes  such  as  these,  as  rt^rds  the  relative  amounts  of 
grain  and  fonge  produced  on  a  farm,  will  naturally  lead  to  tha 
keeping  of  different  kinds  and  ainonnts  of  live  stock ;  and  so  to  the 
production  of  different  amounts  of  manure,  and  to  unlike  arrange- 
ments both  as  regards  the  amonni  of  labor  employed  and  the  kinds 
and  order  of  the  rotations. 
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CaiA  Cropt,  vr  Slokn  Crap*. 

The  inflaence  of  clitoate  is  seen  vtrj  oonspicaoodf  in  napect  to 
the  so-oalled  "catch  ciope,"  or  "stolen  orope,"  which  ue  grown  in 
many  localities  during  the  latter  part  of  summer  on  fields  where  & 
grain  crop  has  just  been  horveeted,  and  where  a  spring-sown  crop  ia 
to  be  grown  next  year.  Stubble  tumips  have  long  been  grown  in 
this  way,  as  in  the  French  rotation  mentioned  on  page  217.  White 
luuatard  to  be  mown  green  for  forage  ia  commended  by  some  Eng- 
lish writers  as  an  excellent  catch  crop  in  many  localities.  Sown 
after  wheat  or  oats,  at  the  middle  of  August,  it  is  said  to  be  ready  to 
be  cut  {in  England)  about  the  middle  of  October.  In  mild  climatea, 
tape  sown  in  August  or  September  is  ready  to  be  cut  for  fodder  in 
November.  But  it  ia  essential  to  aucoeai  in  all  such  caaea  that  tha 
aeaaon  shall  be  tolerably  long,  and  the  arrangements  such  that  tha 
catch  crap  ahall  not  interfere  in  any  way  with  the  crop  that  ia  to 
succeed  it  The  growing  of  sevenl  successive  cropa  in  a  aingle  aea> 
son  is  seen  at  its  best  on  farms  devoted  to  market-gardening,  where 
the  system  boa  been  greatly  developed.  Several  crops  have  eome- 
timea  been  taken  in  a  sii^le  year  in  New  England,  on  farms  where 
cows  are  soiled.  For  example,  after  winter  rye  baa  been  mown  for 
forage  in  May,  fodder  corn  or  Hungarian  grass  ia  sown ;  and  after 
this  crop  has  been  mown,  turnips  may  be  sown,  or  barley,  to  be 
mown  gieen.  But  where  matters  are  pressed  in  this  way,  no  one 
of  the  crops  can  be  expected  to  give  a  very  heavy  yield.  The  power 
which  &rmeTs  have  nowadays  of  buying  artificial  fertilizers  makes 
it  easier  to  grow  catch  cropa  than  it  was  formeriy.  It  is  eaaier  too 
to  interpolate  a  crop  in  a  rotation  than  it  once  was. 

A  good  example  of  an  interpolated  crop  is  seen  in  the  case  of  rBp». 
seed,  as  grown  by  the  Saxon  farmers  some  years  since,  before  petro- 
leum was  exported  from  Pennsylvania.  Rape  is  a  bi&nchiug  plant, 
somewhat  like  a  turnip  or  cabbage  plant  in  its  twcond  year,  which 
bears  a  multitude  of  oily  seeds  from  which  lamp-oil  is  made.  An 
enormous  development  of  the  cultivation  of  rape  as  a  summer  crop 
occurred  in  Saxony  soon  after  the  introduction  of  guano,  and  for 
the  following  reasons,  as  set  forth  by  Stoeckhardt.  It  wss  found 
that  the  rape  plant  is  specially  well  adapted  to  be  grown  as  the  firat 
crop  after  a  heavy  dressing  of  nitrogenous  manure,  since,  nnlika 
most  other  crops,  it  ahows  very  little  inclination  to  lodge,  under 
these  conditions.  Uoreover,  it  leaves  tha  land  in  exceUent  condition 
for  the  grovtb  of  wheat  or  rye.     But  since  the  term  of  growth  of 
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the  lape  plant  is  short,  snd  since  its  seeds  could  be  sold  immedistely 
after  harreatin];  them,  the  crop  afforded  the  iarmer  an  eaaj  means 
of  getting  back  the  money  he  had  spent  for  the  guano.  That  is  to 
say,  in  tliree  months'  time  after  the  gnano  was  bought,  the  farmer 
had  his  money  back  and  his  land  in  capital  condition  for  sowing  his 
winter  grain.  He  felt  suie  withal  of  getting  a  good  crop  of  grain, 
without  need  of  applying  any  more  manure  for  it. 

QuanliiUi  vf  Nitrogen  taken  off  by  Cropt. 

In  a  lecture  delivered  a  few  years  since  in  London,  Dr.  Gilbert 
dwelt  more  fully  upon  the  importance  of  potasaic  food  for  the  legu- 
minous crops  in  a  rotation  than  had  been  done  previously  by  £ug- 
lish  wiiteca.  Much  in  the  same  way,  he  says,  that  turnips  need  to 
be  manured  with  phosphates,  and  gniu  with  ainmoniacal  fertiliurs, 
go  the  legominoua  crops  are  speoially  grateful  for  potash. 

Provided  we  supply  them  with  an  abundance  of  potassic  food, 
and  a  fair  store,  of  course,  of  phosphoric  acid,  lima,  etc,  the  legu- 
minous plants  can  take  up  nitrogen  from  the  soil  with  special  ease. 
Thus,  beans  grown  year  after  year  upon  laud  that  received  no  nitro- 
genous manure,  but  only  a  complex  mineral  fertilizer,  rich  in  potash, 
took  off  61^  lb.  of  nitrogen  per  acre  per  year  during  the  hrst  twelve 
years  of  the  ezperiment,  against  48  lb.  that  were  taken  off  per  year 
during  the  same  period  by  the  bean  crops  grown  upon  au  uumauured 
plot  During  the  next  twelve  years  the  potassic  mauure  gave 
39^  Ih  of  nitiogen  per  year,  against  14^  lb.  from  the  unmauured 
plot.  And  finally,  daring  the  whole  period  of  24  years,  the  beans 
that  were  manured  with  potash  took  off  45^  lb.  of  nitrogen  per  year 
and  acre,  against  Z\\  lb.  obtained  from  the  unmauured  plot.  More- 
over, tiie  boBos  manured  with  potash  during  24  years  took  off  more 
than  twice  as  mnob  nitrogen  from  the  land  as  was  taken  by  either 
wheat  or  barley  under  like  conditions. 

When  red  clover  was  grown  instead  of  beans,  the  resulta  were 
rather  less  satisfsctoiy,  because  clover  is  a  ticklish  crop,  that  is  very 
liable  to  fail ;  it  is  a  crop  that  can  seldom  be  grown  continuously 
upon  any  land,  and  could  not  be  so  grown  in  the  case  of  these  ex- 
periments. But  there  was  obtaiued,  nevertheless,  a  very  striking 
illustration  of  the  well-known  fact  that  the  growth  and  removal  of  a 
leguminous  crop,  rich  in  nitrogen,  is  one  of  the  best  possible  prep- 
orationa  for  a  grain  crop. 

After  the  growth  of  six  grain  crops  in  sncceesion,  barley  was 
grown  upon  one  part  uf  tlie  land  and  red  clover  upon  another  part. 
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Tho  barley  took  off  37}  lb.  of  nitrogan  to  the  acre,  and  the  dovei 
151}  lb.  Next  yeai  barley  was  grown  npon  the  entire  field,  and 
the  hadey  that  grev  after  barley  took  off  39  lb.  of  nitrogen,  wlijle 
the  barley  that  succeeded  the  clover  took  off  69.4  lb.  of  nitrogen ; 
or  30}  lb.  more  after  the  removal  from  the  land,  in  the  clover,  of 
151}  lb.  of  nitrc^en,  than  after  the  removal  of  37}  lb.  in  the  baiiey. 

Moreover,  the  land  was  tested  very  carefully  for  nitrogen  in  a 
number  of  places  before  and  after  the  ezpenment^  and  it  waa  foand 
in  every  inetance  that  there  waa  more  nitrogen  in  the  Bur&oa  aoil 
(9  inchea  deep)  after  the  dover  had  grown  npon  it  than  there  had 
been  before.  And  this,  in  spite  of  the  fact  that  all  vtsible  roots  and 
v^Eetable  matters  were  picked  out  from  the  eoil  before  analyzing  it 
Voelcker  has  obtained  resnlts  of  a  similar  character  to  these. 

Dr.  Gilbert  has  studied  also  the  conanmption  of  nitrogen  from  the 
soil  in  an  actual  foiu^conne  rotation  of  crope ;  vis.  tomipe,  barley, 
dover  oi  beans,  and  wheat  The  experiments  lasted  during  seven 
sudi  oounes,  i.  e.  28  years.  One  part  of  Ute  land  was  onmanured, 
and  the  rest  got  euperphosphate  of  lime  once  eveiy  four  years.  It 
was  given  to  the  turnips  whidi  began  the  oonree.  Under  theae 
conditions,  an  average  of  37  lb.  of  nitrogen  per  year  and  acre  waa 
taken  off  in  the  crops  from  the  unmanured  land,  or  abont  twice  as 
much  as  was  taken  off  from  unmanured  land  on  which  wheat  or 
barley  waa  grown  continually. 

From  the  land  that  wae  dressed  with  superphosphate,  the  avenge 
annoal  yield  of  nitrogen  was  4&^  Ih.  per  year  during  the  28  yean. 
The  superphosphate  increased  the  yidd  of  nitrogen  in  the  turnips 
in  a  striking  d^ree,  and  in  the  leguminous  crope  also,  thongh  possi- 
bly the  snlphate  of  lime  in  the  superphosphate  may  have  had  some 
influence  in  this  case,  by  acting  to  set  free  potash  from  silicates  in 
the  soiL  In  some  adjacent  experiments,  where,  instead  of  intep- 
polatiug  a  leguminons  crop  between  the  barley  and  the  wheat,  the 
land  was  fallowed,  the  total  yidd  of  nitrogen  by  the  whole  series  of 
crops  was  very  much  less. 

Clover  naj/  improve  Tilth. 

There  is  still  another  important  advantage  to  be  credited  to  the 
dover  crop  in  certain  localities,  viz.  its  influence  on  the  texture  or 
tilth  of  the  soil  It  has  been  noticed  in  some  of  the  Western  States, 
that  the  coiitinud  "  cultivation  "  of  Indian  com,  L  e.  the  frequent 
bone-hodng  of  it,  has  a  decidedly  hurtful  action  npon  the  texture 
of  the  land.    It  is  well  known  that  certain  silts  siid  loams  whose 
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pattidee  an  rery  final;  divided  had  better  not  be  atimd  when  dry, 
bacMUe  the  partidee  &11  together  and  beoome  impacted.  But  aoch  a 
aoil  when  covered  vith  clover  plants  and  filled  with  clover  loota  may 
be  improved  in  this  ifiai>ect ;  and  when  the  clover  aod  ia  ploughed 
under,  the  admixture  of  organic  matter  may  work  to  prevent  the 
"di7  puddling,"  and  so  bring  the  land  into  good  condition  again. 
MatMt  a  FaUou  Orop, 

In  the  &Gt  that  too  frequent  cultivation  may  hurt  some  kinds 
of  land  is  seen  one  reason  for  growing  other  crops  in  rotation  wittr 
Indian  com,  at  least  on  fine  Icems.  In  general,  it  may  he  said, 
however,  that  com  differs  widely  from  the  other  kinds  of  grains  in 
nspect  to  its  chemical  requirements.  Indeed,  for  a  hundred  years 
and  more  maize  has  been  classed  among  tallow  crops  in  the  SonUi 
of  Eoiope. 

AfotiMt  of  txUHng  Sotation*. 

The  styles  of  rotatiun  now  practised  in  Europe  are  very  onmw- 
ons,  the  courses  tai^ng  from  4  to  16  or  more  years.  But  they 
may  for  the  most  part  be  thrown  into  a  few  general  classce.  The 
&rmer  may,  according  to  (he  condition  of  his  land  and  his  distanca 
from  market,  aim  either  at  a  strict  alternation  of  white  and  greea 
crops,  or  he  may  press  matters  in  &vor  of  the  white  crops,  and  occa- 
sionally grow  grain  twice,  or  even  aeveral  times,  in  succession  upon 
the  same  field. 

The  practice  of  growing  grain  twice  in  succession  hss  increased 
very  much  of  late  years,  since  the  sale  of  commercial  fertilizers  has 
put  it  in  the  farmer's  power  to  manure  his  fields  without  increasing 
bis  stock  of  cattle.  In  a  ncent  Beport  of  the  Boyal  Agricultural 
Society  of  England  on  the  improvement  of  agriculture,  it  ia  said  ; 
"  Next  to  the  economy  of  labor  (by  machines)  may  be  ranked  the 
increase  of  produce  by  the  expedient  of  taking  two  grain  crops  in 
eucceasion  where  the  land  is  clean  and  in  high  condition,  and  can 
bear  the  application  of  special  manure,  and  where  the  terms  of  the 
fiumet's  lease  permit  him  to  follow  a  rational  system  of  farming 
The  four«onr8e  system  of  alternate  grain  and  green  crops— wheats 
turnips,  barley,  clover — had  two  great  advantagea:  first,  by  alter- 
nating restorative  and  cleansing  crops  with  grain  ;  and  secondly,  by 
regular  distribution  of  labor  throughout  the  year.  The  introduction 
of  machines,  and  of  guano,  nitrate  of  soda,  and  other  ammoniacal 
and  phoephatio  manuiea,  has  now  rendered  the  brmer  ooiopam- 
tively  independent  of  thia  alternate  ayatem  of  cropping." 
voii.  II.  — 16 
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Even  wbsn  whMt  nicoMda  clorer,  it  ti  nid  to  hxn  becotae  ciu- 
tomaiy  in  some  puts  of  Et^land  to  put  10  oi  12  tons  of  bmyvrd 
manure  on  the  clover  sod  before  ploughing  it  Some  &rmera  prefer 
to  ojpjAj  the  Dumnie  befoie  the  lint  cutting  of  the  clover,  while 
othen  apply  it  between  the  first  and  the  second  cuttings,  and  otfa«n 
still  put  it  upon  the  clover  stubble  just  befora  proceeding  to  plough 
it  uudei.  In  certain  gmin-groiring  districts  in  this  coontry,  it  is 
said  that  Indian  com,  barley,  and  wheat  are  sometimes  now  grown 
in  succession,  the  com  being  well  manuied,  and  the  wheat  diesaed 
lightly  with  an  artificial  fertilizer. 

notation  Jiatrietiont  m  Lata. 

Some  of  the  old  restrictions  in  Englieh  lease*  have,  with  the  lapaa 
of  time,  become  peculiarly  inappropriate.  They  were  originally 
imposed  on  the  supposition  that  the  farm  was  to  maiutain  ita  own 
fertility  directly,  so  to  say.  There  was  no  thought,  wheu  the 
reetrictiune  were  formukted,  that  farms  could  ever  be  kept  ap  either 
by  buying  conoentiatad  foddera  or  artilicial  manures.  But  nowa- 
days the  English  farmer  is  largely  dependent  on  these  particular 
teeources,  and  whenever  he  happens  to  be  restricted  as  to  what 
crops  he  shall  grow  or  sell,  he  finds  himself  at  a  disadvantage. 

Some  leases  stipulate  that  a  tenant  shall  not  grow  certain  eropa 
except  at  stated  intervals ;  or  that  he  shall  not  grow  more  than  a 
speciiied  number  of  acres  of  potatoes,  for  example,  in  any  one  year ; 
or  that  the  land  shall  be  kept  down  to  giaaa  for  two  or  more  yean ; 
or  that  two  grain  crops  shall  never  be  grown  in  euocession ;  <a  that 
neither  bay  nor  Anw  nor  roots  shall  ever  be  sold  off  the  farm. 

With  regaid  to  the  selling  of  straw,  Mr.  Lawea  has  well  said, 
that,  while  the  fbrtiliiing  matters  in  a  ton  of  it  may  be  worth  no 
more  than  93,  the  straw  itself  may  have  a  market  value  of  $12  or 
more.  Yet  the  tenant  is  seldom  allowed  to  sell  his  straw,  altkoogfa 
he  might  buy  with  the  proceede  of  it  four  timea  as  much  manure  as 
the  straw  actually  contains  in  itsel£ 

Beside  the  modem  instances  where  two  oi  more  grain  crape  are 
grown  in  succeecdon,  there  are  others  where  numeroos  brown  crops 
are  atriven  for  rather  than  white  crops.  Examples  of  this  idea  are 
seen  where  the  rotations  are  ananged  to  produce  as  many  beet  roots 
as  possible,  for  sugar-making ;  or  potatoes,  fiir  starch  or  for  whiskey ; 
or  an  excess  of  green  fodder,  such  as  Inoem  or  sainfoin,  in  regions 
where  many  cows  are  kept  A  tobacco  &rmer  of  the  Connectiont 
Valley  has  assured  me  that,  for  him,  beet  roots  at  96  cash  the  ton. 
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wliidi  wu  the  price  offered  b;  sugar  mano&etaien  a  few  yean 
since,  would  be  a  profitable  crop,  foi  he  could  grow  them  the  year 
after  tobacco,  when  the  land  is  charged  with  fertilizers.  As  things 
stand,  he  is  a  good  deal  put  to  it  for  a  proper  rotation.  It  does  not 
pay  Mm,  he  eaye,  to  keep  cattle ;  and  neither  muze  nor  grain  pay 
any  money  profit.  His  land  is  a  bottom-laud  on  a  brook  j  it  is  a 
hoe  hwm,  the  surface  being  some  16  or  20  feet  fixim  the  ground- 
water. For  the  sake  of  illustration,  three  examples  of  rotations 
from  modern  practice  aie  here  given.  The  fint  is  an  English  eight 
years'  course, 

1.  Clover.  5,  Beans,  peas,  or  Tetcbes. 

2.  Wheat.  6.  Wheat. 

3.  TumipB.  7.  Mangolds. 

4.  Oati.  8.  Barley,  sown  with  clover. 

Such  a  rotation  a*  thia  admits  of  a  gr«at  variety  of  diapoeitiona 
in  the  arrangement  of  the  crops,  and  provides  for  long  periods 
between  the  lecnnence  of  the  same  crops  on  the  same  land. 
Both  turnips  and  clover,  for  example,  would  be  more  likely  to 
succeed  when  thus  kept  apart,  than  if  the  four  years'  oourse  ware 
peieisted  in. 

The  second  example  is  &om  a  Belgian  tuna.  It  runs  as  fol- 
Iowa:— 

1.  Fotatoea,  heavily  dunged. 

2.  Wheat,  lightly  dunged  and  some  liquid  manute. 

3.  Flax,  medium  dreasii^  of  dung  and  some  Uquid  manure. 

4.  Clover,  with  wood  ashes. 

6,  Rye,  heavily  dunged  and  some  liquid  manure. 

6.  Oats,  with  some  liquid  nianuie. 

7.  Buckwheat 

The  third  example  is  from  a  Saxon  farm.    It  runs :  — 

1.  fiape,   heavily  dunged  and      10.  Oats,  guano. 

guanoed  alsa  II.  Peas,  heavily  dui^d. 

2.  Wheat.  12.  Rye. 

3.  Potatoes,  half  dunged.  13.  Clover,  pigeon  dung. 

4.  Oats,  some  gnano.  14.  Wheat,  heavily  dunged. 
6.  Clover,  pigeon  dung.  16.  Beets,  heavily  dunged. 

6,  Rye,  heavily  dunged.  16.   Barley. 

7.  Rape,  guano.  17.  Rye,  half  dunged  and  gua- 
fi.  WheaL  noed. 

9.  Potatoea,  half  dangwL  18.  Clover,  pigeon  dung. 
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Probably  then  was  a  good  atippty  of  potash  in  this  Saxon  soil 
The  significance  of  the  pigeon  dung  was  probably  to  promote  fei* 
mentation  and  nitridcation.  Doubtless  it  made  tbe  clover  ran 
to  leaf: 

SotatioKi  d^>end  on  divert  Contiderations. 

Altboogh  it  is  eminently  proper  to  call  attention,  as  baa  been 
done  in  these  chapters,  to  the  chemical  principles  which  are  in- 
volved in  one  oi  another  of  the  variona  systems  of  rotation,  it 
should  be  insisted  none  the  less  that  the  student  must  take  care  not 
to  lose  sight  of  numerous  other  considerations  which  are  of  equal, 
or  even  greater  importance.  An  attempt  has  already  been  made  to 
show  how  tbe  thiee-course  rotation  was  a  natural  outgrowth  of  cap- 
tain social  conditions.  But  a  somewhat  similar  remark  will  apply 
as  well  to  every  other  kind  of  rotation,  and  indeed  to  every  known 
system  of  husbandry,  from  the  brusb-buming  of  tbe  pioneer  to  the 
(^rden  culture  of  Belgium  oi  China, 

Systems  of  rotation  —  like  moot  other  things  in  this  worid — ■ 
have  their  origin  in,  and  are  maintuned  by,  the  inrcnmstances 
which  surround  them.  Every  one  of  the  existing  systems  has  been 
developed  by  force  of  local  circumstances,  and  the  student  must 
consequently  be  caieful  not  to  attach  too  much  importance  to  the 
theory  of  any  one  system,  or  to  undervalue  the  merit  of  another. 

Climate,  distance  from  market,  the  cost  of  labor,  the  ease  or  difB> 
cnlty  with  which  manure  (or  forage)  can  be  procured,  the  general 
character  of  the  soil  of  the  district,  as  well  as  the  amount  of  capital 
under  the  control  of  the  inhabitants,  are  circumstances  any  one  of 
which  may  determine  the  character  of  the  rotations  there  habitually 
practised. 

So,  too,  when  the  cultivation  of  one  or  another  crop,  or  set  of 
crops,  has  once  become  habitual  in  a  region,  this  custom  tends  to 
persist,  and  to  exclude  other  crops  and  other  methods  of  cultiva- 
tion. Thus,  the  cultivation  of  flax  in  certain  countries,  and  that  of 
hops  or  of  rape-seed  in  othen,  have  established  claims  analogous  to 
those  of  any  other  vested  interest.  Among  other  incidents,  many 
expert  manipulators  of  the  products  have  been  bred,  and  the  modes 
of  preparing  and  disposing  of  the  crops  have  become  bmiliar  to 
everybody. 

In  this  country,  Indian  com  has  thus  acquired  distinct  rights  of 
precedence.  To  say  nothing  as  to  any  superiority  inherent  in  this 
crop,  the  familiarity  of  our  people  with  the  cultivation  and  use  of 
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com  mnat  nnqnestionably  hinder  them  from  tiyuig  to  gtow  tornips 
or  other  lOOts  as  cattle  food.  So,  too,  when  the  time  comes  for 
Bi^arto  be  produced  in  the  NoTthem  United  States,  it  is  to  be 
presumed  that  sorghum  will  be  grown  to  this  end  rather  than  the 
Biigtu-  beet,  simply  because  the  manner  of  growing  sorghum  is  very 
much  akin  to  the  method  of  growing  maize,  with  which  every  one 
is  familiar. 

With  tt^ard  to  the  influence  of  capital  on  the  practice  of  rot&' 
tion,  it  is  noteworthy  that,  while  a  certain  amount  of  it  is  wellnigh 
essential  for  the  methodical  practice  of  any  couiae  other  than  an 
extremely  simple  one,  neither  the  poor  man  nor  the  rich  man 
(working  on  a  very  fertile  soil)  will  much  trouble  himself  about 
the  doctrine  of  extreme  regularity.  The  rigid  courses  are  in  fact 
commonly  practised  by  forehanded  or  well-to-do  people,  situated  on 
fairly  good  land,  and  possessing  cattle  enough  to  yield  a  proper  sup- 
ply of  dung,  as  well  as  power  to  hire  an  adequate  number  of  laborers. 
But  on  land  subjected  to  extremely  high  cultivation  by  men  rich 
enough  to  mauE^  it  properly,  a  rigid  system  of  rotation  would  be  aa 
much  out  of  place  as  complex  courses  on  very  poor  land.  £xcepting 
as  a  means  of  avoiding  insects  or  fungi,  rotation  bee  in  general  very 
little  significance  for  the  market  gardener,  for  example,  who  buys 
and  applies  manure  without  stint  to  rich  loama  abundantly  supplied 
with  water. 

A  ratber  curious  rotation  of  grass,  poise,  and  grain  is  said  to 
occur  on  the  French  island  Noirmoutien,  the  soil  of  which  consists 
of  marsh  land,  rich  in  humus,  that  was  reclaimed  long  ago  fnim  the 
sea.  The  practice  there  is,  to  manure  with  nothing  but  sea-weeds 
and  the  ashes  of  dung.     As  the  story  goes,  the  rotation  is, — 

1-5,     Grass,  without  manure,  mown  for  hay.    The  yield  is  light, 
viz.  2,000-3,000  kilos  of  hay  to  the  hectare. 
6.     Beans, 
7-10.    Wheat,  manured  with  30,000  kilos  sea  manure  to  the 
hectare. 
11.     Beans,  without  sea  mannre. 
12-15,     Wheat  with  sea  manure,  and  so  back  to  grass. 

The  account  is  manifestly  incomplete,  in  that  it  foils  to  tell  where 
the  dnng-ashes  are  applied.  Perhaps  they  ate  put  upon  the  beans, 
possibly  on  the  giasg. 
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Preparatory  Oropt. 

It  msj  b«  ftdded  to  what  has  bwn  Bud  alnady,  tint  the  infln- 
•nce  of  one  kind  of  crop  in  preparing  the  gronnd  for  another  kind 
ia  a  poiut  much  innsted  upon  by  practical  men.  There  is  no  doubt 
as  to  tbe  validity  of  the  fact,  and,  in  aeekii^  to  account  for  it,  the 
chief  difficulty  lies  in  the  embarraumeut  which  arises  {asm  a  mul- 
tiplicity of  plausible  explanations.  For  example,  several  of  the 
laguminona  crops  are  known  to  be  excellent  foremnaeia  of  grain  ; 
and  it  ia  said  of  clover,  that  it  ahadea  the  ground  and  moistens  ita 
BUr&ce,  and  so  probably  permit*  tbe  growth  of  the  ferment  which 
causes  nitrifioation ;  that,  during  its  long  life,  it  brioga  up  much 
food  from  tbe  lower  layers  of  the  soil ;  that  it  leaves  «  great  maas 
of  useful  Btabble,  and  so  constitutes  a  green  manoring;  that  it  ia 
eaten  upon  the  fkrm,  etc 

But  how  is  it  with  beans  t  Here  is  an  annual  leguminous  crop 
wfaldi  does  not  shade  the  ground  much,  does  not  leave  any  stubble 
to  speak  of,  and  is  not  necessarily  eaten  upon  the  farm,  and  yet  it 
ia  an  excellent  crop  to  precede  grain.  One  ready  answer  in  this 
case  is,  that  the  experiments  of  Dietrich  have  shown  that  bean 
roots  corrode  the  soil,  as  it.  were,  and  leave  it  in  a  state  fit  fur  the 
grain  roots  to  feed  upon.  The  fact  of  the  matter  is,  doubtless,  that 
several  of  these  causes  combine  in  the  case  of  the  clover.  It  ia  be- 
cause of  its  acting  in  several  ways  that  clover  is  superior  to  beans 
as  a  forerunner  of  wheat 

So,  too,  the  growth  of  mealin  (mixed  crops,  such  as  oats  and 
peas)  may  depend  either  on  the  corroding  action  of  roots,  on  ahade^ 
or  on  the  bringing  up  of  food  from  below  by  one  of  the  plants. 
It  is  said  that  these  mixed  crops  often  succeed  well  where  a  simple 
gnun  crop  would  faiL  To  influences  such  as  these  may  be  attrib- 
uted also  the  bet,  Chat  many  kinds  of  crops  are  accompanied  by 
their  own  peculiar  weeds.  Indeod,  it  might  foirly  be  argued  from 
tbe  success  of  mealin,  that  weeds  are  not  necessarily  hurtful  to 
crops  in  all  cases.  Certain  crops,  under  iuvorable  circumstances, 
may  perhaps  be  perfectly  well  able  to  bear  the  presence  of  some 
kinds  of  weeds. 

It  is  interesting  to  observe,  that  the  term  of  growth  of  a  given 
plant  may  be  of  paramount  influence  in  determining  the  particular 
position  which  this  plant,  or  perhaps  another,  shall  occupy  in  ft 
rotation  ;  and  the  remark  is  specially  trae  of  eases  where,  after  one 
crop  has  been  harvested,  the  land  has  to  be  mode  ready,  or  worked. 
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with  apeoial  can  for  the  crop  that  ia  to  follow.  It  ia  essential  that 
tile  cotuM  of  crops  shall  be  so  ordered  that  the  plants  may  not  in- 
terfere with  one  another.  Each  one  of  the  cropa  muot  be  kept  ont 
of  the  otheis'  y/Aj.  For  example,  tbe  interpolation  of  a  crop  of 
tornipa  after  potatue*  ia  easier  in  MBssachusetta  nowadays  than  it 
was  formerly,  when  only  late-ripening  vaiieties  of  tbe  potato  were 
grown.  But,  from  men  lack  of  time,  such  interpolation  might  not 
conveniently  pracede  rye  or  grass,  unless  indeed  the  grasa  seeda 
were  sown  with  the  turnips,  as  has  been  doue  occasionally. 

Another  consideration  that  sometimes  has  its  influence  in  detei^ 
mining  the  order  in  which  crops  are  grown,  is  tbe  necessity  of  thor- 
ough tiUi^  on  some  soils  for  Buccess  with  some  kinds  of  plants. 
Thus,  it  ia  often  thought  best  to  grow  two  hoed  crops  in  succession, 
in  order  to  make  the  land  cleau  and  mellow  for  the  growth  of  grass 


CHAPTER  XHL 

ACnOK   OF  FIRE   ON   SOILB. 

TflERB  are  several  distinct  operations  in  agriculture,  the  eSicacy 
of  which  depends  upon  the  action  of  fire.  There  is  the  ordinary 
brush-hurniug  of  new  countries,  the  burning  of  moorland,  and  the 
burning  of  clay  ;  and,  moet  interesting  perhaps  of  all,  there  is  the 
old  system  of  burning  the  sods  of  stiff  clay  soils,  to  which  the  term 
"  paring  and  burning  "  is  commonly  applied. 

At  leaat  three  conceptions  oro  to  be  distinguished  in  this  matter 
of  the  action  of  fire  :  first,  the  mere  destruction  of  masses  of  wood 
which  encumber  the  land,  as.  in  clearing  a  forest ;  secondly,  the 
(leotruction  or  alteration  of  a  portion  of  the  humus  in  peat  hogs  aud 
moors,  and  other  soils  containing  too  large  a  proportion  of  this  con- 
stituent, in  order  to  ameliorate  the  soil ;  and,  thirdly,  Uie  roasting 
of  a  heavy  clay,  or  of  some  other  mineral,  for  the  sake  of  altering 
both  its  texture  and  its  chemical  condition  or  composition. 
Cla^f  Burning, 

It  will  be  well,  first  of  all,  to  speak  of  the  action  of  fire  upon 
clay,  since  whatever  advantages  on  to  be  attributed  to  mob  acti<m 
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wiU  osoallf  be  felt  to  some  extent  in  btiuh-baniuig,  u  veil  u  in 
the  pariiig  and  baniing  of  sods.  It  ia  a  veil-known  fact,  thftt  raw 
cla7,  that  ia  to  say,  clay  in  the  state  in  which  it  is  dug  from  the 
earth,  is  not  readily  acted  upon  by  chemical  agents,  —  not  sren  by 
the  most  powerful  acida.  But  it  lias  also  long  been  known  by 
manufactareis  of  chemicals,  that,  when  the  inert,  raw  clay  is  exposed 
foi  soQie  time  to  a  doll  red  heat,  it  undergoes  change  to  eucb  an  ex- 
tent that  after  the  roasting  it  readily  yields  its  alamina  to  acids. 
This  property  of  clay  is  constantly  made  use  of  in  the  arta,  in  the 
manufacture  of  alum  and  of  solphate  of  alnmina ;  and  the  fact  that 
the  clay  undergoes  chemical  cl^nges  of  so  fundamental  a  charactar 
is  nndoubtedly  one  of  the  nasons  why  the  operatian  of  paring  and . 
burning  has  been  found  to  be  adrantageoos  in  agriculture. 

Excepting  peat  and  moorland,  it  baa  come  to  be  pretty  well 
nnderatood  that  the  process  of  burning  is  properly  applicable  only 
to  clayey  soils,  and  experience  haa  shown  that  burning  ia  by  no 
meansequally  advantageous  to  all  ckya.  It  appeals,  for  that  matter, 
to  be  moet  beneficial  upon  daya  tliat  contain  a  good  deal  of  silicate 
of  potaah  and  some  carbonate  of  lime.  It  is  supposed  that  in  such 
clays  the  lime  may  decompoee  the  alkaline  silicate,  and  liberate 
some  of  the  potash.  All  clays,  however,  without  exception,  are 
improved  by  moderate  burning,  in  so  fkr  as  their  physical  properties 
are  changed  in  such  manner  thftt  the  plasticity  of  the  crude  clay  is 
destroyed,  and  the  mass  made  light  and  friable.  Properly  burnt 
clay  falls  to  fine  powder,  and  haa  completely  lost  its  old  power  of 
becoming  sticky  and  plastic  when  moistened  and  stirred.  But  it  is 
essential  that  the  bnrning  shall  be  well  managed,  and  that  the  fire 
shall  not  be  allowed  te  get.  too  hot.  When  clay  thus  changed  by 
moderate  roasting  becomes  mixed  with  that  which  haa  remained 
upon  the  field  unbumt,  the  character  of  the  soil  will  he  greatly 
improved.  It  is  worthy  of  study,  moreover,  whether  by  virtue  of 
chemical  changea  induced  by  roasting  many  clays  may  not  become 
better  fitted  than  they  were  before  to  absorb  from  the  soil-water, 
and  to  fix  potash,  ammonia,  and  other  useful  bases,  in  a  manner 
analogous  to  that  of  the  double  silicates  of  alumina  and  lime  which 
has  so  frequently  been  alluded  to  on  previous  pages. 

In  any  event,  it  is  important  that  the  clay  should  be  burnt  at 
as  low  a  temperature  as  possible,  both  for  the  sake  of  the  physi- 
cal changes  and  for  that  of  the  chemical  alterations,  of  whatever 
name.    For  in  case  the  heat  were  allowed  to  become  too  high,  por- 
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tioDB  of  the  clay  vonld  cobare  into  bard  lamps,  like  bricks,  that 
could  not  again  be  reduced  to  powder,  and  the  chemical  activity  of 
the  burnt  clay  would  again  be  lost.  It  is  aaid  that  the  auucesa  of 
the  operation  of  burning  may  alwrays  be  judged  of  by  the  leodiness 
with  which  the  clay  ialls  to  a  uuiform  friable  powder. 

One  way  of  burning  clay  is  to  mix  it  with  brushwood  or  p«at,  or 
soft-coal  slack,  and  to  allow  the  mixture  to  smoulder  for  some 
time  in  heaps  or  pits,  or  even  in  special  kilns  or  stoves  made  for 
this  particular  purpose.  The  process  is  probably  at  its  best  when 
conducted  in  this  way,  for  there  will  be  no  neceaeity  here  of  destroy- 
ing much  vegetable  matter.  The  clay  to  be  burned  will  be  taken 
from  beneath  the  sur&ce,  —  it  may  even  be  dug  from  pits,  —and 
the  fuel  employed  for  burning  it  will  be  completely  under  controL 
The  coat  of  the  process,  however,  must  be  high,  in  any  event,  be- 
eanse  much  labor  is  required. 

The  pits  or  trenches  in  which  clay  is  burned  may  be  made  some 
3  feet  deep,  3  feet  wide,  and  10  to  20  feet  long.  At  first  they  are 
filled  to  the  brim  with  the  fuel,  i.  e.  brushwood  or  peat,  or  unmer- 
chantable fire-wood,  then  a  layer  of  dried  clay  clods  is  laid  on,  and 
gradually,  as  the  fire  bums  down,  more  day  and  coal  slack,  or  olay 
and  sods,  or  clay  and  brushwood,  are  thrown  on ;  care  being  taken 
that  a  slow  smouldering  comboation  shall  be  kept  up,  and  ttiat  the 
fire  shall  not  break  out  through  the  clay  layer.  Whenever  flame 
appears  at  any  point,  some  clay  ia  immediately  thrown  there  to 
check  the  fire.  But  too  mudi  day  must  not  be  put  upon  the  heap 
all  at  once,  lest  the  lire  be  extinguished,  and  enough  fuel  mnet  be 
mixed  with  the  clay  to  insure  the  continuous  slow  burning  of  it. 
When  once  the  fire  is  well  started,  soft-cool  slack  or  fine  coke  may 
be  used  as  the  fuel,  in  case  they  are  to  be  had  mora  cheaply  than 
waste  wood  or  peat ;  but  at  the  beginnii^  something  mora  readily 
combnstible  than  coal  is  needed. 

It  is  said  to  have  been  customary,  fbrmerly,  in  some  parts  of 
England,  to  build  epecial  stone  kilns  in  which  to  bum  clay  and 
sods ;  but  the  expense  of  carting  such  bulky  materials  to  and  from 
the  kilns  has  led  to  their  disuse.  To  avoid  this  objection,  mov- 
able stoves  or  grates  have  been  invented,  which  can  be  carried  to 
the  places  where  the  clay  or  sods  are.  These  grates  aeem  to  be 
specially  well  suited  for  burning  sods  taken  from  headlands,  or  from 
the  edges  of  walla  and  toodsidea,  or  from  waste  comers  of  fields. 
On  clayey  soils  a  great  deal  of  roasted  earth  can  be  got  in  this  way, 
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unoe  the  dried  sods  serrs  aa  fuel  for  buroiiig  the  clkjr  that  has  been 
dug  out  from  beneath  them. 

SometimeH,  instead  <if  the  old  stooe  kilns,  the  miztnree  of  clftj 
and  eods  were  burued  in  kilns  built  of  sods.  These  kilns  mn 
rectangular  constmctions,  12  or  15  feet  long  by  8  or  10  feet  wide; 
Uieir  walls  vera  2  feet  thick  and  3  or  4  feet  high.  Channels  for 
dnnghtways,  some  4  by  6  inches  in  the  clear,  were  built  of  eods 
from  the  comers  of  the  kiln  tu  the  centre  of  it,  and  fuel  was  piled 
up  at  the  middle  of  the  kitn  aud  set  on  fire.  When  in  full  com- 
bustion, clay,  aud  clay  and  soda,  were  gntdually  thrown  upon  it  in 
such  manner  aa  not  to  eztinguieh  the  hra  nor  to  permit  it  to  break 
out  and  hnm  freely  in  any  one  place.  The  drafts  wen  closed  or 
left  open  according  to  the  wind  and  to  the  rate  of  combustion.  The 
walla  of  the  kiln  were  continually  built  up  with  clay,  ao  that  they 
should  always  be  some  12  or  16  inches  higher  than  the  burning 
heap,  in  order  to  shield  the  laUer  &om  the  wind. 

Possibly  such  work  aa  this  might  sometimes  be  don«^  STen  where 
labor  is  so  costly  as  it  ia  iu  this  country.  When  hassocks  are  to 
be  burned,  for  example,  such  as  are  taken  from  boge  in  the  process 
of  reclamation,  or  when  brushwood  has  to  be  burned  where  land  is 
being  cleared,  circumstances  may  occasionally  permit  the  farmer  to 
roast  a  quantity  of  clay  which  he  has  had  dug  out  for  the  purpose 
at  times  when  work  was  slack. 

FartRg  and  Bvmmg. 

The  only  abjection  to  clay  burning  is  the  cost  of  it  But  against 
paring  and  burning  a  serious  chemical  objection  may  be  urged,  for 
in  this  case  much  humus  is  destroyed.  The  matter  burned  is  no 
longer  a  waste  material  taken  from  the  edges  of  fields,  nor  a  men 
mineral  substance  (day)  wellnigb  free  from  organic  matter,  but  it 
is  a  true  soil,  more  or  less  rioh  in  humus  and  the  nitrogen  com- 
pounds which  appertain  to  humus,  and  of  coune  these  things  go  to 
utter  waste  in  the  process  of  combustion.  As  described  by  Marehall, 
the  operation  of  paring  and  burning  was  as  follows  :  — 

"  The  bushes  aud  other  encumbrances  upon  the  Bnifkce  of  the 
ground  having  been  removed,  the  sward  is  inverted  with  the  breast 
plough,  or  '  paring  spade  '  as  it  is  termed,  in  aoda  about  a  foot  wide 
and  three  feet  long.  Sotne  judgment  is  requisite  to  determine  the 
proper  thickness  of  the  sods.  If  they  be  pared  too  thick,  they  an 
difficnlt  to  bum ;  if  too  this,  the  sward  is  not  effectually  destroyed, 
aud  the  produce  of  ashes  is  too  smoU.     A  rough  spongy  sur&oe 
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ought  to  be  pared  thicker  thaa  one  Thioh  is  firm  and  bare  of  gnu ; 
and  a  light  shallow  soil  ought  to  be  pared  thinner  than  one  which 
is  deep  and  more  tenacious.  An  inch  may  be  considered  as  the 
medium  thickness.  If  tlie  sods  are  naked  and  the  season  moist,  tbej 
ace  set  on  edge  to  dry  ;  but  if  ihej  an  gtaeaj,  and  if  the  season,  be 
fine,  this  labor  may  be  spared." 

"  The  method  of  buruing  is  invariably  in  small  heaps,  a  rod  or  leas 
asunder,  according  to  the  quantity  of  sod.  Small  heaps  are  more 
conreniently  burned  than  large,  and  the  ashes  from  them  aie  more 
easily  spread.  There  are  various  ways  of  forming  the  heaps.  The 
bottom  is  generally  made  in  a  round  form,  about  a  yard  in  diameter, 
with  sods  set  on  edge.  Some  persona  lay  on  the  windward  aide  of 
this  bottom  a  bough  of  fnne,  or  other  kindling,  with  the  braab-end 
outward,  covering  it  above  with  the  glassiest  and  driest  bits  of  sod. 
They  then  make  up  the  heap  in  the  form  of  a  small  haycock,  keep- 
ing the  soda  oa  the  inside  as  hollow  as  may  be,  bnt  laying  them  flat 
and  close  on  the  outside  to  keep  in  the  heat.  Snch  heaps  ore  set 
OD  fire  by  igniting  the  kindling.  Id  other  cases,  the  heaps,  formed 
at  the  bottom  as  already  described,  have  a  chimney  carried  up  at 
the  middle,  into  which  a  shovelful  of  live  cools  is  thrown  in  order 
to  kindle  tbem." 

When  the  heaps  are  well  on  lire,  fresh  sods  are  laid  on  from  time 
to  time,  until  tbe  whole  are  expended,  not  more  than  perhaps  one 
half  of  the  original  sods  being  used  in  forming  the  heaps.  The 
fraah  soda  are  laid  upon  the  side  where  the  tire  is  attongeet  i  they  are 
seldom  added  until  tbe  fire  begins  to  make  its  appearance  on  the 
outer  side  of  the  heap.  When  all  tbe  fresh  sods  have  been  used 
up,  the  partially  burnt  bits  which  fidl  from  tbe  heaps  are  laid  upon 
the  top  BO  that  they  may  be  reduced  to  ashes,  or  at  least  exposed  to 
the  free  action  of  the  fire.  The  ashes  are  spread  as  soon  as  they 
have  cooled  sufficiently,  and  are  ploughed  in  with  a  shallow  furrow. 
The  operation  of  paring  is  said  to  be  commonly  undertaken  as  early 
as  possible  in  tbe  spring,  it  being  evidently  a  point  of  importance 
to  have  the  soil  moist  enough  to  permit  tbe  paring  plough  to  slip 
through  it  easily.  The  crops  most  in  use  upon  land  that  baa  been 
pared  and  bnmt  are  tuniipe,  rape-seed,  and  wheat,  sometimes  oats. 
Probably  cabbages  would  do  well  also. 

Matsball  states,  that,  at  the  time  he  wrote  (1796),  tho  practice  was, 
in  Yorkshire,  confined  to  comparatively  few  districts,  and  in  those  it 
was  applied  only  to  the  reduction  of  old  tough  swaid.    He  says :  — 
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"  Its  effect  in  improring  the  conteztan  of  strong,  oobesiTe  soils 
hu  escaped  general  notice  ;  yet  bow  could  art  devise  an  ingredient 
more  likely  to  give  openness  and  freedom  to  a  closely  textured  soil 
than  rough,  porous,  unperishiible  ashes?  [That  is  to  say,  burnt 
day.]  A  material  of  impTovement  which  the  soil  itself  supplies 
few  of  coat.  The  immediate  acquisition  of  manure  from  the  gnss 
and  weeds  Mpsys  the  expense  of  the  operation ;  while  the  more  per- 
manent improvement  of  the  contexture  of  the  soil  is  obtained  with- 
out expense.  Viewed  in  this  light,  sod  burning,  whatever  effecia 
it  may  have  on  light  porous  soils,  is  in  all  human  probslnlity  a 
cardinal  improvement  of  soils  of  a  close  clayey  natnre." 

So  too,  Young  in  his  "  Six  Months'  Tour,"  published  in  1770, 
«ye:  — 

"  Paring  and  burning  is  general  throughout  the  North  and  West 
of  England.  Uuiveisal  observation  has  proved  it  to  be  a  most  ex- 
cellent practice,  and  has  also  proved  that  the  idea  of  thinning  the 
staple  of  the  soil  by  it  is  false  and  groundless.  Turnips  are  the 
crop  everywhere  sown  after  it." 

Marshall  states,  on  another  page,  that  the  invariable  method  of 
breaking  up  old  turf  upon  the  Gotswold  Hills,  in  Gloucestershire, 
was  by  paring  and  burning,  to  be  followed  by  turnips.  ^Die  prac- 
tice still  obtains  in  that  region,  where  it  was  studied  not  many 
years  ago  by  Dr.  Voelcker,  Chemist  to  the  Royal  Agricultural  Soci- 
ety of  England.  Vbelcker  urges,  that  it  is  precisely  for  the  tnrnip 
crop  that  the  process  of  paring  and  burning  is  specially  advan- 
tageous, and  that  there  is  little  risk  of  the  soil's  becoming  ex- 
hausted, since  it  is  sufficiently  enriched  by  the  excrements  of  the 
sheep  to  which  the  turnips  are  fed  off  upon  tbe  land.  With  re* 
gard  to  the  loss  of  humus,  ns  hearing  on  the  power  of  this  sub- 
stance to  absorb  aqiieous  vapor,  ammonia,  or  the  like,  Voelcker 
says  that  there  is  raslly  little  or  no  need  of  humus  on  this  ao- 
oount  upon  clay  soils,  since  the  day  itself  is  a  powerful  absorbent 
in  that  very  sense.  As  concerns  the  cost  of  paring  and  burning, 
when  compared  with  tbe  cost  of  applying  artiScial  fertilizers, 
Voelcker  remarks  merely  that  the  process  continues  to  be  prao- 
tised  upon  the  very  beet  of  tbe  Cotswold  farms,  as  it  has  been 
practised  for  many  years. 

It  is  hardly  to  be  snpposed,  he  urges,  that  a  practice  so  funda- 
mental as  this  could  be  persisted  in  for  so  long  a  time  upon  really 
good  farms,  the  products  of  which  most  be  dispoeed  of  in  the  fatw 
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of  the  competition  of  other  fiirms,  if  it  were  on  essentittlly  improper 
piactice.  The  act  of  burniog  not  only  destroyB  all  veeda  aud  roota 
of  weeds  and  eeeda'  of  weeds,  all  insects  and  ^gs  of  insects,  all 
fnngi  and  spores  of  fungi,  and  so  leaves  the  land  perfectly  clean  and 
clear;  but,  bj  the  very  fact  that  it  reduces  much  organized  matter 
to  ashes,  it  supplies  the  turnips  abundantly  with  phosphoric  acid 
and  potash  in  an  casUy  accessible  and  assimilable  form.  We  know 
already,  for  that  matter,  saya  Toelcker,  that  turnips  profit  more 
than  gcain  crops  from  an  appUcation  of  phosphatic  ashes.  It  is  « 
matter  of  experience  with  the  Cotswold  farmers,  that  their  turnip 
crops  are  larger  in  proportion  as  the  fields  are  more  thickly  beset 
with  weeds  before  the  paring  and  burning;  and,  in  support  of  this 
observation,  Voelcker  has  fonnd  that  the  ashes  of  thistles  and  or- 
chard grass,  which  abound  in  that  region,  are  peculiarly  rich  in 
phosphoric  acid.  Indeed,  the  amount  of  phosphoric  acid  in  these 
plants  u  so  large,  that  as  mnch  of  it  is  often  added  to  the  land  by 
the  operation  of  burning  as  wonld  bo  contained  in  an  abundant 
manuring  with  bone-meal.  According  to  Voelcker,  the  advantage 
lies  not  only  in  the  fact  that  the  phosphoric  acid  and  the  potash 
are  reduced  by  the  burning  to  a  condition  in  which  they  can  be 
more  quickly  taken  np  by  the  turnips  than  they  could  be  from 
slowly  decomposing  organic  matters,  bat  in  the  second  fact,  that 
the  entire  suriace  soil  is  thoroughly  impregnated  with  the  ashes, 
so  that  the  roots  (^  the  turnips  are  always  in  contact  with  their 
food. 

The  loosening  of  potash  in  clays  rich  in  lime  on  baraing  them, 
has  already  been  alluded  to.  It  is  to  Voelcker  that  our  knowledge 
of  this  fact  is  due.  He  roosted,  at  different  temperatures,  clays  that 
.  contained  a  good  deal  of  carbonate  of  lime,  and  observed  that  ap- 
preciable quantities  of  the  clay  became  soluble  in  acids,  particularly 
the  potash  and  silica  that  were  contained  in  the  clay.  For  example, 
a  clay  that  contained  7.75%  of  water,  31.38%  of  carbonate  of  lime, 
58.62%  of  real  clay,  and  2.25%  of  fine  sand,  gave  up  44%  of  ita  con- 
stitoents  to  acid,  including  0.35%  of  potash;  but  after  roasting  this 
clay  very  moderately,  48%  of  it  was  soluble  in  the  acid,  iucluding 
0.77%  of  potash ;  and  after  proper  roasting,  Si%  of  it  was  solnble 
in  the  acid. 

In  a  clayey  soil  from  Cirencester,  be  found  the  following  per- 
centage of  constituents :  — 
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Hygratoopla  mi>Mnra CBB  1.18 

Oiganic  matter  uid  Ozed  water    .    .     .         13.S3  S.IS 

Sotable  ia  Midi:  — 

AluiDmnandoiude  of  iron  ....         12.9B  IS.tS 

CarboDato  of  lims 7.S8  8.S3 

Sa]pb&te  oF  lime 0.18  1.16 

Carbnnata  of  mttgiisaia 1.41  ... 

Hiij;na(da ...  1.7S 

Phonphoric  acid traM  0.71 

Potnsh 0.S2  l.OS 

Soda 0.ia  0.SS 

Insoluble  in  acida,  chisfly  elay     .     .     .         67.09  82.58 

Low 6.70 

Id  this  particular  instance,  the  quantit;  of  bnrat  soil  amounted 
tn  about  fifteen  tous  to  the  acre,  which  would  make  the  phosphoric 
acid  equal  to  226  lb.,  and  the  exoeas  of  potash  to  168  Ih.  to  the 
acre. 

Strackmann  also  found  in  a  slaty  day  0.78%  of  potash  soluble  in 
adds  before  the  burning,  and  l.S3%  of  potash  after  the  burning. 
Id  another  instance,  Voelcket  found  these  percentageii :  — 

Onburst  EMI.     Aihia  thcTBtnm. 

Water 0.98  i  ,  jj 

Organic  nutter 10.67  i 

Solable  in  (cidt :  — 
Alumina  and  oiida  of  iron   ....         IS.IO  14.50 

Hnoh  carbonate  ofliMfl,  with  I  „- ^  (17.17 

Sul|.hateoflinie  j     -     -         a  -  j    ^  ^^ 

Carbonate  of  magneaia 1.10 

Hagnena 0.M 

Potash 0.38  1.81 

Soda 0.1B  0,0* 

Phosphoric  acid trace  1.84 

Soluble  ailica 8.70 

Inaolable  in  acida,  chirft;  da;     .    .    .        4S.M  44.S4 

The  increase  in  phoephoric  acid  probably  comes  from  the  de- 
struction of  organic  matters  of  which  it  was  a  oonstitaent ;  so  long 
as  the  organic  matters  remained  intact,  acids  did  not  dissolve  out 
the  phosphoric  acid  from  them.  Other  researches  of  Voelcker  on 
the  roasting  of  mere  clays  at  different  temperatnres  have  shown 
that  leas  phosphoric  acid  could  be  dissolved  out  from  the  roasted 
products  by  acids  than  from  the  original  clays.  It  was  found,  too, 
that  while  considerable  amounts  of  potash  were  made  solable  (in 
acids)  by  moderate  roastings,  some  of  that  which  had  become  aol- 
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nble  in  tbis  way  pawed  again  into  the  insoluble  state  on  stroi^l; 
heating  the  clav.  Whence  it  appean  that  it  is  indispensably 
neceMorj  to  maintain  a  low  temperatoTe  during  the  process  of 
bnxning. 

I'itld  £jcptrimenti  on  Burnt  Soit». 

From  field  experiments  mnde  in  Germany  by  Stnickmann,  it 
appears  tlmt  both  "paring  and  burning,"  properly  so  colled,  and 
clay  burning,  but  particulariy  the  latter,  have  distinct  merit.  Ae- 
eoiding  to  this  obserrer,  clay  borniHg  may  undoubtedly  be  prac- 
tised with  advantage  in  many  coses,  even  in  loc^ities  where  the 
eoet  of  burning  is  hi^  In  the  first  year  of  his  experiments,  nei- 
tliec  vetches  (cut  green)  nor  ilax  profited  much  from  lbs  hnming; 
but  the  crope  of  rutabagas  and  cabbages  were  largely  increased, 
both  on  the  plots  that  had  been  pared  and  burnt,  and  upon  those 
that  were  dressed  with  burnt  clay.  After  the  crope  had  been  gath* 
sred,  and  the  land  had  been  prepared  for  wheat,  it  was  noticed 
that  the  mechanical  condition  of  the  soil  was  surprisingly  good 
apon  the  burnt  plots.  Instead  of  the  old  heavy,  stifi^  cohesive 
clay,  there  was  found  a  light,  crumbly  loam. 

After  the  first  year's  crops  were  harvested,  the  land  was  laid  down 
to  winter  wheat,  bo  that  in  the  second  year  wheat  was  grown  upon 
all  the  plots,  and  it  was  found,  not  only  that  the  effects  of  guano 
and  lime  applied  in  the  previous  year  were  specially  conspicnooa 
upon  the  burnt  plots  and  those  which  hod  received  a  dressing  of 
homt  clay,  but  that  guano  apphed  in  the  seoond  year  produced 
better  crops  apon  the  burnt  land  than  upon  that  which  bad  not 
been  bnmt, 

Fusey,  in  En^and,  pared  and  burnt  a  very  tenacious  clay,  and 
grew  oats  upon  it,  in  contrast  with  oats  on  a  contiguous  unbumed 
field.  Thfl  crop  from  the  burat  land  was  48  bushels  to  the  acre, 
and  that  from  the  unbumt  land  only  16  bushels.  The  same  land 
was  again  burnt,  the  next  year,  and  sown  with  wbeaL  It  was  then 
so  hard  that  it  could  only  be  pared  after  it  had  been  wetted  with  rain. 
The  crop  from  the  burnt  land  was  now  40  bushels  to  the  acre,  and 
that  from  the  unbumt  20  baahels.  Manifestly,  in  the  case  of  a 
olay  like  this,  the  mechanical  improvement  of  the  soil  due  to  the 
dissemination  of  the  nouplastic  ashes  must  be  of  paramount  im- 
portance. 

Cartwright,  experimenting  on  a  cold,  adhesive  day,  applied  400 
bushels  of  roasted  olay  to  one  portion  of  the  land,  100  bushels  of 
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wood  ashes  to  aaotlier,  and  cothing  to  a  third  portion.     He  har- 
vested the  following  crope,  respectively,  from  the  different  plots. 

pioutr«w-ith      ^"ji?"-  ^i^^  "^  1:^ 

Burnt  clay C02  1371  ^0  3B 

WoodtLjhee 47S  78^  4Ga  34 

Nothing 201  87i  310  24 

Mr.  Mechi,  a  London  alderman,  who  not  infrequently  talked 
sound  sense  iu  spite  of  occasional  vagaries,  was  strongly  in  favor 
of  clay  burniug.  He  says  :  "  Burned  clay  ashes  are  true  friends  of 
the  &rnier  on  heavy  land.  They  descend  (^dually  into  the  sub- 
soil beneath  the  ploughed  laud,  fertilizing  it,  and  rendering  it  more 
porous  and  acceptable  to  the  roots  of  plants.  Twenty  years  of  ex- 
perience have  taught  me  that  nothiug  pays  better  than  hnmiag 
stiff  brick  clays  in  dry  weather.  From  a  state  poisonous  to  plants, 
the  land  passes,  by  burning,  into  a  fruitful  condition.  Worthless 
pastures,  plouglwd  lightly  and  bomed,  become  fruitful  and  pro- 
ductive fields." 

"  How  remarkahle,"  he  exclaims,  "  ia  the  change  produced  in  stiff 
clays  by  burning  I  Cold,  wet,  heavy  and  adhesive,  or  slippery,  ac- 
cording to  the  weather,  they  at  once  become  friable,  non-adhesive, 
warm,  and  dry."  And  again,  speaking  of  burned  earth,  he  says: 
"Our  stiff,  plastic,  non-calcareous  clay,  almost  free  from  vegetable 
matter,  becomes,  when  burned,  real  briuk-dust,  and  yet  it  is  a  most 
valuable  fertilizer.  Twenty  years  ago  I  burned  an  immense  quan- 
tity with  great  advantage.  Science  teaches  ns  the  why  and  the 
wherefore.  It  tells  us  that  the  hitherto  unavailable  elements  of 
plant-food  locked  up  in  our  stiff  clays  become  liberated  by  the  ac- 
tion of  fire,  and  are  rendered  available  for  the  feeding  of  our  crops. 
But  there  is  another  and  a  more  important  advantage.  The  physi- 
cal condition  of  the  soil  is  entirely  changed  by  burning.  The  bird- 
lime or  putty-like  soil,  previously  almost  impervious  to  air  or  water, 
becomes  loose  and  friable,  permitting  the  free  circulation  of  plant 
roots,  and  making  the  land  work  easier  and  leave  the  plough  easily. 
There  is  no  safer  investment  on  stiff  clays  than  hnming  the  sticky, 
dense,  nnmanured  subsoil.  Where  fuel  is  dear,  the  clay  must  be 
dried  in  the  air  before  burning,  and  it  is  of  course  summer  work 
anyway.  One  ton  of  aoft-cosl  dust  will  burn  tweuty  tons  of  earth." 
Coal  Aika  aiuiloffout  to  BvrrU  Clay. 
It  is  to  be  noticed  that  much  of  what  has  been  said  of  bnmt  clay 
will  apply  to  coal  ashes  also.    FiacUcally,  coal  ashes  have  bean  found 


jbvGooglc 


BURNINQ  OF  UOOBS.  241 

to  do  sxcelleiit  aervico  on  cloy  soils.  Tbey  ue  aaid  to  answer  a 
better  purpose  than  sand,  because  they  remain  is  the  day,  and  do 
not  sift  out  into  the  subsoil  so  oanipletelj  as  sand  will  in  the  course 
of  a  few  years. 

Sefractoritieu  of  Clay. 

Ab  has  been  already  many  times  stated,  the  great  trouble  with 
clay  soils  in  theii  natural  unregenerate  condition  is  their  plasticity. 
The  clays  are  commouly  "  strong  "  soils,  in  the  sense  that  they  con- 
tain a  large  proportion  of  plant-food,  but  they  are  at  the  same  time 
"stiff"  and  "heavy,"  bard  to  work,  little  permeable  to  moisture, 
and  slow  to  dry.  A  clay  soil  will  absorb  a  great  deal  of  moisture, 
and  will  retain  it  obstiuatolj,  and  it  b  easily  conceivable  that  both 
these  qualities  may  be  useful  in  favorable  years.  But  in  wet  aea- 
sons  clay  lauds  remain  excessively  wet,  and  any  attempt  to  cultivate 
them  while  wet  might  be  &tal,  since  the  instmments  of  tillage  would 
simply  puddle  the  earth. 

On  tlie  other  hand,  in  seasons  of  extreme  draught,  clay  lands 
become  baked  so  hard  that  the  roote  of  plants  can  hardly  penetrate 
them ;  the  land  cracks  withal,  and  In  that  way  tears  asunder  and 
dsstrays  many  roots.  So  too,  in  winter,  the  wet  clay  "  hsaves  " 
badly  in  freezing,  and  destroys  plant  roots  in  that  way.  Hence  the 
great  advantage  of  draining,  and  of  introducing  the  rough  ashes 
and  burnt  day  just  now  under  discussion  as  a  means  of  altering 
Uie  relations  of  the  soil  to  water. 

Burning  of  Moorland. 

The  burning  of  peat  and  moorland,  that  is  to  say,  of  soils  sur- 
charged with  humus,  is  even  more  important  as  a  means  of  culture 
than  the  operations  already  described,  the  chief  siguificanca  of 
which  depends  upon  the  roasting  of  day.  Moor  burning  is  prac- 
tised to  an  enormous  extent  in  many  places,  particularly  in  Finland 
and  in  several  of  the  Northern  provinces  of  Germany,  notably  in 
Hanover,  Friesland,  Lunenburg,  and  Oldenburg,  and  in  Holland 
also.  In  these  regions  it  is  still  the  usual  method  of  reclaiming 
peaty  soils,  and  very  large  tracts  of  moorland  have  there  been 
brought  into  profitable  cultivation  by  means  of  it.  There  are  many 
localities,  indeed,  where  no  other  known  system  of  cultivation  could 
be  made  profitable  under  the  existiog  conditions  as  regards  labor 
and  reads.  Moor  burning  has  the  merit  of  being  a  quick  method 
of  putting  waste  land  to  profit  Thus,  a  German  farmer,  Lippe,  has 
written  as  follows :  — 
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"  At  the  be^nniDg  of  last  year,  tfarae  aod  twenty  uTea  d'  waett  p«at 
moor  lay  b«fore  ma,  nhcra  now  U  to  ba  tMQ  (wly  •  field  of  moet  Inxu- 

''  Tbe  wiwte  laod  produced  nothing  but  mahee,  wool-graaa,  and  a  few 
apeara  of  bout  forage,  hesiUes  thistlea  and  enormoiu  nisaaee  of  aquatic 
mosses.  Here  and  there  a  miaerable  buah  or  a.  crippled  birch  was  visi- 
ble, bat  in  moat  places  the  spongy  soil  auk  nnder  tbe  feet  of  whatever 
trod  npou  it.  Formerly  cattle  bnd  been  penuitted  to  aeek  a  ineMgre  snb- 
airtence  upon  the  tnct,  but  they  often  sank  deep  into  the  miiy  ground, 
and  eouhl  only  be  extricated  from  the  aeeniingly  bottomleaa  aloogh  bj 
mean*  of  baama  and  leven,  ropea  and  wimllass,  applied  at  tbe  riak  of  - 
oue'a  life.  Bat  by  umply  dminiiig  and  burning  tbe  wnsta  land,  withniit 
applying  to  it  any  manure  or  other  ameliorant,  it  has  been  converted  aa 
11'  by  magio  to  an  exquisitely  green  field  of  most  vigorous  rye." 

In  a  COM  like  thia^  one  great  merit  of  tli«  burtiiag  cotiaista  in  de- 
B^ytng  the  loow  moM  and  other  trash  wbicb  enoumbered  tiie  auiiace 
of  the  land. 

J/oor  Burning  wtt  KeetnarHy  ahavtliwe. 

It  has  been  eometimee  objected,  that  large  quantities  of  valuable 
peat  must  be  destroyed  on  burning  moorland,  and  the  govemmenta 
of  eome  of  the  German  states  have  been  solicited  to  interfere  in  the 
matter,  and  prevent  the  waste  of  the  national  wealth.  But  in  point 
of  faci;  tliia  objection  is  not  very  well  founded.  It  is  not  ripe  pnt 
Uiat  ia  destroyed,  —  the  fanner  doea  not  aeek  to  destroy  mn<^  of 
it,  —  but  chieHy  the  crude  superficial  coating  of  moss  and  roato.  In 
the  German  practice  the  depth  to  which  this  crust  is  burnt  rarely 
aseeeda  aome  12  or  16  inches,  and  it  haa  been  obeerred  in  dis- 
tricta  where  moor  burning  hu  been  practiaad  for  centuries  tltat  the 
amount  of  material  deatroyed  ia  scarcely  appreciable. 

When  left  to  lie  &ll<>w  mossee  and  other  vegetation  soon  corer 
the  land,  and  fit  it  to  be  again  burnt  in  due  aaaaoo.  The  real  ob- 
jection to  moor  burning  is  the  cloud  of  unpleasant  smoke  which 
fills  the  air.  There  are  anti-smoke  societies  iu  several  of  the  North- 
em  German  cities,  which  work  to  instruct,  persuade,  and  coerce  the 
farmers  to  desist  from  a  practice  which  at  certain  seasons  greatly 
annoys  the  citizens. 

The  methods  employed  for  moor  burning  vary  somewhat  in  dif- 
ferent localities,  but,  speaking  in  general  terms,  it  may  be  said  that 
the  surface  of  the  land  is  pared  at  a  dry  time  to  a  depth  which 
experience  has  shown  to  be  atifficient ;  the  sods  are  allowed  to  dry, 
being  often  set  on  edge  to  facilitate  the  drying,  and  an  finiJly  burnt. 
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either  u  tbej  lie,  or  in  little  leap«,  vitboot  bdj  apecul  ous  being 
takeo  to  legolate  the  rate  of  oombaation.  The  ashee  and  otboa- 
ued  nutten  are  spread  and  harrowed  in  immediatel;. 

In  the  but  practice,  as  where  the  moor  has  been  dcained  ae  a 
pittlitninary  to  the  bunting,  the  land  ones  leclaiiued  in  thia  way  ia 
kept  in  good  condition  by  the  nse  of  manures,  either  satunl  or  arti- 
ficial, notably  by  means  of  guano,  superpbosphatea,  boii»4ueal  or 
btHie-asfa,  lime,  uid  potash  salts. 

Umally,  however,  the  burnt  land,  after  it  haa  been  eiopped  for 
a  eeriea  of  years,  ia  \ntt  to  lie  Adlow,  and  to  rerart  to  iU  original 
oondition,  while  a  new  pucel  of  the  wild  moor  ia  bmnt  and  Inought 
andar  caltivation. 

^eeU  of  fire  o»  Peat. 

Seretal  useful  efieote  are  brought  nbout  by  burning  peaty  toik : 
the  wild  Tegetotion  ia  deetroyed,  and  its  ashes,  aa  well  as  those  of 
the  burnt  peat,  becojne  available^  both  as  manure  properly  so  called, 
and  aa  material  for  impiDring  the  mechanical  texture  of  the  peat 
that  is  left  Besides  what  is  actually  burned,  a  very  considerable 
quantity  of  the  peat  is  charred.  That  is  to  say,  it  sufien  all  eon- 
oeirable  degrees  of  alteration,  tem  being  slightly  scorched,  or  even 
barely  heated,  up  to  being  bunit  to  a  cinder.  But  all  the  peat 
thus  altered  goes  to  change  the  texture  of  the  soil,  and  to  improve 
ita  physical  condition,  especially  as  regards  its  power  of  absorbing 


The  heat,  moreover,  distils  off  and  destroys  resinous  mattere, 
which  would  cause  the  dry  peat  to  repel  water ;  and  it  destroys  the 
acids  which  make  the  moorland  sour.  Tba  burning  acts  ^so  to 
promote  the  solubility  of  inorganic  materials  in  the  peat,  just  as  it 
acta  upon  day  to  that  end,  though  this  point  is  ]Mobably  one  of  but 
small  importance  as  regards  peat  Several  of  these  points  have 
been  proved  by  Stoeokhordt,  by  a  set  of  experiments  in  which  a 
lignite-like  moor  earth  was  gradually  heated.     Thus  he  found  :  — 

I.  innB_i.,rfth.  b.*).             Whm  Dried    Wieii  RoMlmJ  B  Hoon,  Attw  Dtatlart 
ImoOIMiafUabitli.  MIOWO.      it«»"0.        — 

Combnttible  nutter 61.70  7e.M 

Aches 13.80  SI.SO 

Inorpinie  matter,  •oInbU  in  water      0.47  0.84 

OrRtDic  matter,  Mlabla  in  water  ,      l.SB  1.25 

Resin,  etc,  aolable  in  alcohol .     .      8.BS  2.S2 

Lima  Deeded  to  neutralize  the  add      S.7S  2.14  0.27  0.17 

But  gradual  and  enccessive  eh^ea  of  heating,  such  aa  were  here 

studied,  would  naturally  be  found  in  practice  in  the  peat  beneath 


jbvGooglc 


t»00=0.' 

oii«;^« 

72.25 

41.  so 

27.76 

68.70 

0.63 

2.B8 

0.13 

a  90 

l.IO 

0.87 
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thai  actually  burnt.  Wild  in  his  "Die  Niederriinde,''  speaking  of 
moor  bnming,  Bays  that  in  this  Bystem  of  husbandry  it  is  not  the 
intention  to  burn  the  soda  to  ashes,  but  only  to  change  them  to 
imperfect  charcoaL  Moot  burning  is  not  a  process  of  oombustion 
properly  so  called,  but  a  system  of  carbonizing  turf  that  is  thickly 
beset  with  heather. 

To  show  bow  traa  this  aBsertion  is,  Wild's  deactiption  of  the 
method  of  burning  a  primeval  moor  may  be  quoted.  First  of  all, 
frequent  drainage  ditches  are  cut,  and  the  moor  is  left  to  dry  out 
eomewhat,  a  process  which  often  requires  Bsveral  years.  The  growth 
of  heather  and  other  plants  on  the  surface  of  the  moor  ie  then  pared 
off,  usuaUy  in  autumn,  in  great  flaps,  which  are  left  lying  inverted 
beside  one  another,  exposed  to  wind  and  sun  so  that  they  may  dry 
off  during  the  winter.  Next  spring,  aa  soon  as  the  moor  can  be 
worked  upon,  usually  at  the  beginning  of  May,  the  partially  dried 
sode  are  set  on  fire  on  the  under  aide  where  the  heather  is.  They 
bum  slowly,  without  visible  flame,  but  with  a  very  thick  smoke,  not 
to  ashes,  bat  merely  to  imperfect  charcoal  for  the  moat  part  It  is 
customary  to  light  the  sods  between  Beveii  and  nine  o'clock  in  the 
morning,  when  the  dew  has  evaporated,  and  to  extinguish  the  fire 
towards  evening.  Fire  is  set  at  the  leeward  edge  of  the  Geld,  in 
order  that  the  combustion  may  proceed  with  regularity,  and  be  kept 
under  control.  The  laborers  take  paina  to  smother  any  places  where 
actual  flame  may  break  out  by  throwing  damp  sods  upon  the  firs. 
In  the  course  of  48  hours  after  the  burning,  buckwheat  is  Bown  ia 
the  warm  ashes,  and  harrowed  in  with  hand  harrowsi 
Exptrimenti  on  Burnt  Moon. 

Some  highly  instructive  field  experiments  were  made  seretal 
years  ago  at  one  of  the  Oerman  experiment  stations  fay  Dr.  Zacharia. 
He  proposed  to  test  the  questions.  Is  it  the  destruction  of  the  un- 
due excess  of  humus  that  improves  a  peaty  soil  when  it  is  burned  t 
Or  is  it  the  altemtion  in  the  character  of  the  soil  as  regards  its  power 
of  absorbing  water,  or  ia  it  the  ashes  produced,  that  ««  specially 
beneficial  1  In  other  words,  What  is  the  relative  value  of  each  of 
these  several  Victors,  and  how  does  their  value  compare  with  that 
of  manures  that  might  be  bought  and  applied  to  the  land  1  And 
how  doBH  the  method  of  culture  by  burning  compare  with  other 
methods  of  cultured 

Three  parcels  of  moorland  were  staked  out  and  treated  as  follows. 
The  sod  of  the  first  parcel  was  ploughed  under  in  the  autumn ;  that 
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npon  the  second  parcel  was  pared  and  carried  awaj  from  the  land  in 
the  autuma  also ;  but  the  next  spring  the  sod  upon  the  third  parcel 
was  pared  and  burnt  in  heaps  upon  the  land.  Each  of  the  parcels 
was  then  subdivided  into  plots,  and  the  plots  upon  the  burnt  land 
were  treated  as  follows.  From  Plot  "A"  the  ashes  were  carefully 
collected  (there  were  some  9,000  or  10,000  English  pounds  of  them 
to  the  acre),  and  transfened  to  Plot  "  C,"  where  they  were  strewn, 
together  with  the  ashee  proper  to  "  C."  Bat  the  ashes  of  Plot  "  B  " 
were  strewn  upon  that  plot.  Various  monuiee  were  applied  to  the 
plots  of  the  other  parcels  of  land,  and  the  whole  field  was  finally 
ploughed  Bud  planted  with  barley,  in  May.  At  the  middle  of 
Augnet  the  barley  was  harvested  with  the  foUowiug  results  in  Prus- 
sian pounds  to  the  Moigen :  — 

Fucel  L  Fu«1  II. 

TMm.  (Sod  pliHi«hst  mulu.)  (Bod  cutM  otT.) 

UnlD.      DCnw,  fc«.  Onlo.      Otnv,  kc 


HNomMDn  .    .    . 
<b)  1,000  lb.  wood  wbe« 

(c)  200  lb. 

(d)  100  Ih  Fbih  gi 

(e)  1,000  lb.  lims 

(f)  Suid    .    .    . 


ttnln.       atnw, ««. 

A.  NoubM S78  828 

B.  It*  own  ashes 850  1,800 

C.  Double  doM  uhcs 6*7  l,Efi2 

It  ^peatB,  1.  that  it  was  better  to  plough  under  the  sod  than  to 
carry  it  off;  2.  that  the  lime  was  of  no  use  as  i^ards  this  first 
crop;  3.  that  although  the  bone-meal  and  guano  and  ashes  were 
useful,  they  were  not  very  useful,  —  neither  of  them  gave  any  money  ~ 
profit ;  i,  that  the  mere  heating  of  a  portion  of  the  soil  by  the  [ao> 
cess  of  burning  the  sod  in  heaps,  even  when  the  ashes  were  re- 
moved, did  twice  as  much  good  as  the  average  action  of  the  guauo 
and  wood  ashee  and  bone-meal ;  5.  that  this  heating  of  the  earth 
plus  the  ashes  resulting  from  the  paring  and  burning  gave  abun- 
dant and  profitable  crops,  while  the  double  dose  of  aehes  did  little 
or  no  good. 

It  was  made  plain  by  these  experiments  that  moor  burning  was 
an  eminently  proper  mode  of  culture  for  the  land  upon  which  the 
trials  were  made.  It  was  proved  also  that  the  heating  of  the  earth 
was  as  important  as  the  production  of  ashes ;  indeed,  it  was  of  more 
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iiDpoitance,  for  the  moment  the  stnoant  oTaahM  put  upon  the  Ituxl 
wns  in  ezcesa  of  what  the  crop  needed,  it  wss  eTident  that  mattan 
]iiid  been  carried  too  &r.    For  the  cuse  id  hand,  the  paring  of  a  tbin 
aliue  of  lod  would  bare  been  better  than  a  tbkk  eliee. 
Thin  Maori  not  fit  for  bunii*g. 

Per  ooiUra,  a  good  deal  of  evidence  hae  been  coDected  hi  Franos 
which  goei  to  show  that  in  ecsne  soils  the  good  elfecte  of  moor 
burning,  though  plainly  manifested  at  firat,  an  ephemetal,  and  not 
to  be  seen  after  one  or  two  aeasons.  The  French  idiemirt  Malagnti, 
who  lectntiKl  at  Kenues  in  the  Weet  of  France,  fane  mnch  to  enj 
abont  the  ejrstem  as  practised  io  hia  vicinity.  He  sbowe  cleariy 
that  for  those  conditions  the  merit  of  the  process  depends,  not  upon 
chemical  conaideratiuns,  but  upon  its  cheapness,  and  upon  the  taet 
that  it  yields  a  quick  return  for  the  labor  expended. 

It  would  appear,  however,  that  the  French  moorlands  are  very 
different  from  the  German.  The  French  moors  seem  to  be  not  the 
incipient  peat-bogs  so  common  in  North  Germany,  but  cold  shallow 
soils,  like  our  own  springy  hilbides,  consisting  of  a  thin  layer  of 
sod,  or  rather  of  hassocks  and  bushes  overlying  cl^y  or  grave). 
Uenee  the  burning  of  a  French  moor  would  aeem  to  be  more  nearly 
akin  to  day  burning,  or  to  the  paring  and  burning  of  old  grass  sod, 
which  is  probably  seldom  or  never  justifiable  unless  it  be  conneoted 
with  a  system  of  tuinip-growing  and  sheep-taising  upon  stiff  clay 
Und. 

For  the  permanent  improvement  of  this  kind  of  moorland,— 

unless  indeed  it  is  based  npon  clay,  —it  has  been  fonud  to  be  best 

to  turn  under  the  sod  and  let  it  rot  in  the  ground,  rather  than  to 

destroy  the  nitrogen  in  the  organic  matter  by  meana  of  fire. 

Bruik  Btcmintf. 

Hie  burning  of  logs  and  brush,  when  new  land  ie  clesred,  haa 
evidently,  so  &t  as  the  chemistry  of  the  subject  is  coneemed,  much 
in  common  with  the  processee  of  clay  burning  and  peat  burning. 
Brush  burning  is  practised  in  all  wild  oountriea.  It  is  almost  as 
common  to-day  in  the  Scandinavian  couutries,  and  in  sanM  dis- 
tricts in  the  interior  of  Europe,  as  it  ie  in  the  Korthem  United 
States. 

German  writers  very  often  give  brush  burning  a  place  in  their 
lists  of  the  different  systems  of  hrmitig.  Indeed,  one  eoald  hudly 
find  a  more  concise  account  of  the  practice  than  tfie  fbUowiog,  taken 
from  an  account  of  the  (^culture  of  Bohemia,  printed  in  18M. 
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"  Ths  bnuh-bnnii&g  system  uf  &niiiii&  the  Bo-called  de&hng  of 
luid  b;  fite,  which  consists  of  a  totaticn  or  interehsnge  betvMa 
woodland  and  tillage,  is  piactlaed  to  a  certain  ezteut  in  the  nioun- 
taiuoos  parts  of  the  coDoti;,  ss  well  as  in  some  of  the  more  densely 
wooded  sections.  It  consists  in  cutting  down  the  wood  oi  the 
bushes  from  the  tract  to  be  cleared,  and  burning  them  upon  the 
land.  The  asbea  are  then  scattered,  the  earth  broken  up,  as  well  as 
may  be,  and  seeded  down  once  or  twice  with  oats  or  rye.  The 
ground  is  then  left  to  cover  itself  with  giaas,  and  finally  with  bushes 
and  trees." 

There  are  of  course  a  variety  of  intermediate  systems  between 
this  crude  process  that  the  Bohemian  writer  describes,  and  the 
methods  of  clearing  in  which  do  fire  is  permitted.  Some  of  our 
farraert,  for  example,  sow  grnnn  wiinl  with  the  rye,  &nd  often,  of 
course,  the  Innd  is  kept  permanently  under  cultivation  instead  of 
being  allowed  to  revert  to  the  condition  of  forest.  Bat,  so  &r  ss 
eoBcems  the  chemiitoy  of  the  matter,  these  points  of  detail  ara 
wholly  immateriaL  For  the  moment,  the  qneation  at  inae  is.  What 
effecbi  may  sach  fires  have  upon  the  land!  Something  may  be 
learned  as  to  this  point  by  conaidehug  what  happens  in  the  cases 
of  day  burning  and  moor  burning  as  already  considered. 

In  brush  burning  there  is  often  an  almost  total  destruction  of  the 
hnmns  that  had  accumulated  while  the  land  was  in  wood,  and  in 
nine  caaea  out  of  ten  this  result  may  be  accounted  highly  per- 
niciooa.  It  is  precisely  this  woodland  humus  that  is  usually  the 
sweetest,  mellowest,  and  best.  There  is  an  abuudant  prodactiou  of 
ashes,  by  means  of  which  the  crops  of  the  first  and  second  years  are 
nsually  well  manured,  though  a  good  part  of  the  ashea  are  aome- 
times  swept  away  bodily  from  burned  land  by  heavy  showeis, 
white  some  of  them  are  apt  to  be  blown  away  by  wind.  When 
the  soil  to  be  cleared  contains  clay,  some  of  the  good  effects  of  clay 
burning  ate  doubtlesa  produced,  and  in  meet  instances  many  roc^ 
and  stones  ate  crumbled.  Looking  at  the  matter,  however,  solely 
ftom  the  chemical  print  of  view,  it  is  hard  to  avoid  the  oonviction 
that  brush  burning  commonly  injuree  the  land.  There  is  Uttls  to 
justify  it  bedde  the  mechanical  necessity  of  removing  wood  from  ita 
land.  Albeit  this  consideration  is  one  of  paramount  importance, 
for  wood  is  a  grievous  iucumbranca  upon  land  in  diatricti  where  it 
has  no  merchantabls  Talne.  It  is  to  be  remembered  that,  if  wood 
were  not  combustibls,  it  would  be  as  much  iu  the  way  upon  the 
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land  u  BO  many  stones  of  equal  magnitude.  No  ephemeral  advan- 
tage gained  fLum  the  ash  maaunug,  or  perchance  ttom  the  roasting 
of  clay  in  the  aoil,  can  compensate  for  the  deatruotion  of  the  nitoo- 
gen  in  the  bomus  which  had  acciuaukted  beneath  the  bushes  or 


CHAITER  XIV. 
IRRIGATION. 

Ip  it  can  be  sud  of  any  one  item  of  good  practice  in  agiicultura 
more  than  of  another,  that  it  is  shamefully  neglected  in  the  Atlantic 
Slates,  it  will  assuiedJy  be  said  of  irrigation.  In  spite  of  all  that 
has  been  done  of  late  years  in  California  and  the  adjacent  legiona, 
it  is  still  probably  true  that  no  other  subject  relating  to  agriculture 
HO  much  needs  to  be  attended  to  by  the  Ameiicaa  people  as  this 
matter  of  watering  the  land. 

Strange  as  it  may  seem  at  first  sight,  the  question  of  irrigation  ia 
largely  a  chemical  question ;  and  in  asserting  that  the  densest  ig- 
norance seems  to  prevail  among  New  England  iarmen  with  regard 
to  thia  branch  of  husbandry,  it  is  not  meant  to  imply  that  the  people 
of  thia  section  of  the  country  know  nothing  about  tlie  guiding  or 
lifting  of  water  by  means  of  aqueducts  and  sluices,  or  by  windmills 
or  steam  pumps.  On  the  contrary,  the  history  of  milling  and 
mauufactuTiDg  in  New  England,  and  of  hydraulic  mining  in  Cali- 
fornia, teaches  that  there  are  few  people  more  ready  to  undertake 
the  management  of  water  than  our  own,  or  better  able  to  deal 
with  it. 

Watfr  taay  act  at  Manure. 

It  is  nrged  only,  that  not  one  &rmer  in  a  thousand  seems  to  Iwve 
any  juat  conception  of  the  fact  that  by  applying  water  to  the  land 
we  manure  the  land  by  means  of  matters  which  the  water  holds 
dissolTed  and  invisible.  Not  only  may  land  be  fertilized  in  this 
way,  but  in  many  cases  it  may  be  fertilized  adequately  for  the  con- 
tinual production  of  remunerative  cropis.  Indeed,  it  may  be  said  of 
almost  every  case  where  land  is  skilfully  irrigated,  that  fairly  good 
crops  of  lisj,  at  least,  may  be  obtained  year  after  year  without  add- 
ing any  other  manure  than  that  which  the  water  affords. 
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Some  of  (ha  expetunents  msda  in  recent  yean  by  tim  methods  of 
watei  cultuie  and  sand  CDlton  teach  an  important  leteos  as  to  the 
tnte  sigiiificance  of  iirigation.  It  is  easy,  for  examjde,  to  grow  tol< 
etably  good  plants  in  men  pitniand  which  is  abundantly  watered 
with  biook  or  rivar  water.  Indeed,  Boussingault  mporta  that  he 
has  seen  nob  crops  of  Indian  corn  harvested  upon  the  plateau  of 
the  Andes  on  sand  that  was  almost  moving,  but  which  was  abun- 
daotly  and  akilfully  irrigated.  I  hare  myself  grown  sevenl  kinds 
of  plants,  with  success,  in  coal  ashee  admixed  with  peat,  and  &eely 
watered.  The  familiar  fact  so  often  to  be  obaerved  in  domestic  hor- 
ticulture, that  cutting  of  various  plants  will  grow  and  even  thrive 
in  jam  of  well-water,  goes  far  to  enforce  a  similar  lesson.  But  there 
is  small  need  to  multiply  instancee  to  illustrate  a  subject  which  has 
already  beendweltupoD  at  sufficient  length  in  another  oonnection. 

If^  as  has  been  shown,  plants  take  in  theit  food  from  and  throagh 
th«  soil-watei,  it  will  evidently  be  good  policy  to  supply  water 
enough  to  enable  them  to  take  up  their  food  to  the  best  possible 
advantage,  under  the  most  &vorable  conditions.  If,  as  has  been 
shown,  large  quantities  of  nitrates  and  c^  other  useful  ingredients 
run  to  waste  in  the  watem  of  brooks  and  rivers,  it  will  manifestly 
be  well  to  pour  such  water  back  upon  the  land  from  which  it  has 
soaked  out,  or,  better  still,  to  pour  it  upon  land  that  stands  in  sp» 
cial  need  of  nitrates  and  the  other  dissolved  matters. 

Moreover,  if  it  be  true,  as  is  seen  indeed  to  be  the  case  every 
summer  in  times  of  plentiful  rains,  that  an  abundant  and  well-dis- 
tributed supply  of  water  is  most  &vorable  for  the  growth  of  plants, 
theie  can  be  no  question  that  many  fanners  would  do  well  .to  pro- 
vide a  permanent  and  controllable  water  supply  when  this  can  be 
done  without  undue  cost.  Of  course  manure  may  be  put  upon  laud 
that  is  to  be  irrigated,  as  well  as  upon  uiy  other. 
Moitture  enable*  Manure  to  act. 

Indeed,  it  is  precisely  upon  well-watered  soils  that  manure  is  used 
with  the  utmost  advantage,  since  under  these  conditions  the  crops 
can  readUy  gain  access  to  and  absorb  the  fertilizing  matters.  In 
many  situations  a  small  amount  of  manure  applied  to  irrigated  land 
will  produce  resolta  such  as  could  not  be  obtained  by  the  iQOst 
generooa  dreesings  of  dung,  if  the  land  had  nothing  to  depend  upon 
but  the  rain  which  &lls  upon  it. 

Every  New  England  firmer  knows  that  it  is  in  rainy  years,  and 
not  in  years  that  are  dry,  that  his  poor,  light  soils  produce  tolerable, 
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«r  (TCBgood  crops,  rod  it  wpracualjtipoiiaaBlmik  tbatabandaDt 
cropa  oould  b*  obUiiied  evoy  jear  bj  wj^mmtic  iniffltinB.  It  ii 
tme  eaoagfa,  w  ft  gesenl  nils,  that  crapa  Kdhr  Ian  &om  dnogfat 
OB  -wail-nuiund  Uod  than  on  land  tfaat  haa  htem  inadeqaakdj  ficr- 
tUiied ;  bat  it  is  true  alao,  tfaat  a  •caall  amoant  <tf  manora  upon  land 
abundantly  moiatened  will  do  &z  man  good  than  a  mncfa  laigai 
quantitj  of  manura  could  do  witbont  tbe  moirfarek 

Ligbl,  pOTOiu  soils,  that  an  not  too  fiue,  aod  paiticohtriy  gnreb 
and  sanda,  an  ^jeciall^  proper  for  iirigation,  for  the  axcara  of  water 
can  nadilj  iaia.  awaj  fern  theai,  aod  Uiare  will  be  amapvatanij 
Httle  riik  of  paddhag  meh  aoila  at  tho  smftock  Claja,  ua  tkm  cob- 
trary,  are  not  wall  adaptad  for  the  procaaa,  and  profaafa^  aaa  aeidOH 
•r  nerer  b»  baneSted  b;  it,  onlesa  tkmj  an  provided  with  tila  dwH 
and  kept  psmansBt);  in  giasa,  or  aie  very  eanftdlj  mulched. 
ImparUmM  of  WmUr  at  mmL 

Water  eotniderad  oanraly  as  water,  withost  KArancete  the  plant- 
Ibod  which  ia  dissolved  in  it,  is  an  important  agnt  in  ptaBOtaag 
the  growth  of  planta.  Not  atlj  the  cuculatisn  of  mitteia  witbin  tbe 
j^Htt,  and  the  ohemioal  prooeMBS  and  TCactkni  whiA  oeeur  there, 
but  the  nry  Ufe  of  the  plant,  depend  apon  tbe  picaence  of  an  aboo- 
daaoe  of  liquid  water.  When  water  ia  plenty,  nttaj  planta  eaa  ism 
erer  and  over  again  *  given  stote  o(  ash  ingredteiita.  Hat  is  to  mj, 
evea  a  bui&U  stoie  of  ash  ingredients  sa^  as  might  be  pKaeot  in  a 
seed  can  be  osed  first  in  the  yoaiig  sfaoot,  and  then  in  tbe  fatan 
lesTBB,  and  yet  again  in  the  Iea:TCe  that  fettow,  previded  the  plant 
be  kept  jaicy  by  neons  of  water.  This  fact  is  seen  often  emngh 
in  tbe  eaee  (rf  Waadermg-Jew  piaMs  grown  in  inter,  and  it  nay 
readily  be  exkilKted  by  sowing  naatartiuiu  seeds  in  pose  sand  and 
wntetiag  the  ynang  phnts  wiA  inB-water.  Sevcsat  saoeuiiiuus  of 
leaves  on  a  long  straggling  plmt  eaa  raat&ly  be  obtaiBed  a  this 

Amoma  of  Wtder  wmded  ip  nmtn 
It  i^y  be  well,  peifaipe,  at  this  point  to  dw^  again  fcr  a  moment 
en  tlte  enormora  amonnte  of  wattr  that  are  needed  by  oritmted 
iriaata.  Plants  oontain  a  great  de^  of  water  to  begin  with.  Andy- 
eis  sbowB  ss  mneh  as  96  lb.  of  water  ni  every  100  lb.  of  flie  men 
enconlent  fmitB  and  Tegetebles,  each  as  mekms,  tammTwi^  lettoc^ 
and  aspanguB,  and  some  90$  in  ordinary  nota  and  vegetablee ; 
yonng  grass  eontaina  80  to  85%,  grain  planta  when  in  Mossom  75%, 
«nd  even  nnitan  knrea  of  beea  seme  fiO%.    Snee  these  pn^op- 
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twOB  of  wBter  tie  fcrund  to  remaiii  weUuigh  OMiBtuitly  the  nnw  iu 
healthy  plants,  even  when  the  extenutl  conditions  vuj  cousidecably, 
it  Boema  plain  that  they  cannot  be  Eiccidental,  but  that  thay  must 
be  essential  for  the  physiological  proceasee  which  occur  within  the 
plant.  For  that  matter,  it  ia  easy  to  see  why  plants  should  contain 
a  great  deal  of  water,  because  nothing  can  be  more  evident  than 
that  the  contents  of  their  cella  need  to  be  kept  moist.  The  ptoto- 
pluam  of  the  active  cells  has  to  be  kept  in  a  glutinouB,  half-liquid 
condition,  iu  order  that  its  functions  may  be  properly  performed.  In 
case  the  contents  of  the  cells  should  become  too  consistent  through 
loss  of  water,  the  activity  of  the  cells  would  be  diminished,  and 
would  wholly  cease  if  all  the  water  were  removed.  In  order  to  the 
continuous  life  and  growth  of  a  plant  there  must  be  continual 
movements  of  matter  within  it  from  one  cell  to  another,  and  from 
one  part  of  the  plant  to  another,  such  as  could  not  occur  unless  the 
active  cells  and  membnnes  wen  kept  constantly  moist.  In  general 
it  may  be  said,  that  it  ia  only  when  a  plant  is  properiy  chaiged  with 
moiatun  that  it  can  grow  freely.  Whenever,  from  any  cause,  the 
supply  of  water  is  inadequate^  the  development  of  the  plant  must 
uecessarity  be  diminished. 

When  do  Plantt  wilt  t 

As  has  been  set  forth  on  a  previous  page,  the  necessary  supi^y  of 
wtier  comes  fiom  the  soil,  tad  is  kept  up  by  the  osmotic  pumping 
action  of  the  roots,  while,  on  the  other  hand,  water  ia  continaally 
expended  by  exhalation  of  vapor  from  the  leaves,  eomettmee  in 
such  quantities  that  a  very  few  honrs  of  hot,  dry  summer  weather 
would  be  anffioient  to  dry  out  a  plant  completely  if  new  supplies 
of  mdature  were  not  constantly  brought  into  it  to  make  good  the 
loss. 

It  is  in  young  plants  at  the  time  when  leaves  are  being  most 
freely  dev^ped  that  the  need  of  water  and  the  waste  of  water  are 
greatest.  An  extremely  interesting  illustiation  of  this  point  is 
afforded  by  the  grain  crop  of  California.  In  that  region  rain 
enough  &]ls  in  the  winter  to  supply  the  plants  adequately  with 
moiatnie  during  the  period  of  active  grow^,  but  by  the  time  of 
ripwiing  there  ia  no  longer  vniter  enough  left  in  the  soil  to  enable 
a  growing  crop  to  prosper. 

Hellriegel  has  made  numerona  experiments  to  determine,  as  nearly 
OS  might  be,  bow  small  a  quaotity  of  water  in  the  aoil  is  sufficient 
to  kec^  ctopa  from  wilting  uodw  oidinary  conditions  of  temperature. 
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Some  of  his  reaulte,  as  obtained  irith  gnrdea  loam,  on  different  days 
in  June,  are  given  in  the  following  table. 

WhM  the  Pabr.  Wbra  ttia  Panmtsn 

Iflmprratura  Ml  ot  Watn  la  tlit 

Hood  wu  nbout  Ooil  wu 

Lupinea  begni  to  wilt     ...  13 

Lupioea  did  not  vilt  ....  14-16 
Beana  began  to  wilt  ....  10-18 
Beam  did  not  wilt  ....  11-15 
CloTsr  began  to  wilt  ....  It 

Clover  did  not  wilt  ....  IS-IA 
Buckwheat  began  to  wilt  .  .  10-16 
Buckwheat  did  nnt  wilt  .  .  .  11-16 
Peaa  b«gtm  to  wilt     ....         7-lS 

Feas  did  not  wilt S-I4 

Barley  began  to  wilt  ....  S\ 

Baric;  did  not  wUt  ....  11-16 
t  plants  differ  considerably  as  to  their  powers  of 
meeting  an  exceptional);  rapid  loss  of  water  by  tranepiration.  Feu 
and  barley,  for  example,  did  better  in  this  respect  than  the  other 
leguminoas  plants  or  than  buckwheat.  But  it  was  evident,  for  tho 
cases  of  the  planta  expeiinicnted  upon,  that,  in  order  to  guard  against 
the  possibility  of  wilting,  there  needed  to  be  a  tolerably  large  amount 
of  moistuie  in  the  soil.  For  the  gaiden  loam  of  the  ezperimente,  it 
may  be  said  that  at  least  16%  of  water  {about  S5%  of  all  the  water 
this  earth  conid  hold)  would  need  to  he  present  in  hot,  dry  enmmet 
weather  in  order  properly  to  satisfy  the  plants.  At  more  moderate 
temperatures,  however,  and  in  air  less  dry,  plants  might  not  snSei 
much  inconvenience  even  if  there  were  a  considerably  smaller  quan- 
tity of  moisture  in  the  soil  than  this ;  and  when  the  weather  ie  coot 
and  the  air  very  damp,  there  need  hardly  be  much  more  water  in 
the  soil  than  what  would  be  held  there  hygrosoopically. 

Helbiegel  insists  that  the  wilting  of  a  plant  does  not  indicate  its 
first  actnal  sufferings  from  want  of  water,  but  is  rather  a  sign  of  the 
beginning  of  the  last  stages  of  endurance.  He  urges  that,  whenever 
a  soil  has  dried  out  to  such  an  extent  that  plante  can  no  longer 
quickly  supply  themselves  from  it  with  water  to  make  good  what 
they  have  lost  by  transpiration,  the  flow  of  sap  within  the  plants 
must  necessarily  become  sluggish,  and  all  the  movements  of  food  or 
other  constitnents  from  one  part  of  the  plant  to  another  mnat  go  on 
more  and  more  slowly  and  incompletely,  until  they  finally  come  to 
a  etandstiU.     So  long  aa  the  drought  oontiuue^  the  proportion  of 
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vater  in  the  plants  will  dimioish  from  day  to  day  and  from  hour  to 
hour,  and  the  efficiency  of  the  organs  whiuh  move  the  sap  will  be 
more  and  more  impaired,  until  outward  signs  of  the  trouble  are  man- 
ifested by  the  flabbinees  of  the  leavea ;  but  by  this  time  the  plant 
may  have  got  into  a  condition  most  un&vorable  for  growth^  and 
highly  undesirable  from  the  economic  point  of  view. 

UeUri^el  has  constantly  observed  on  the  sandy  eoil  of  his  vicin- 
ity {Dahme  in  Prussia),  that  whenever  a  series  of  warm,  rainless 
days,  accompanied  with  drying  winds,  occurs  in  May  or  June,  the 
vegetation  of  crops  comes  almost  to  a  standstilL  The  development 
of  young  clover,  for  example,  ceases  wellnigh  completely.  But  it 
is  only  tjter  a  long  while  that  the  clover  begins  to  wilt,  and  at  first 
the  wilting  is  only  risible  in  patches  where  the  fields  happen  to  be 
stony.  But  when  wilting  has  once  begun,  only  a  few  more  days  of 
hot,  dry  weather  are  needed  in  order  to  bring  the  entire  field  into 
this  condition,  and  indeed  to  bum  off  and  destroy  the  crop. 

Once  he  took  occasion  of  a  sunny  forenoon  to  collect  and  analyze 
some  of  the  wilted  clover  plants  at  the  first  moment  when  wilting 
was  shown  by  some  patches  of  the  plants.  He  found  in  the  wilted 
leaves  71%  water  and  29%  dry  substance ;  in  the  stalks,  78,4%  water 
and  21.6%  dry  substance;  while  in  adjacent  plants  that  had  not 
yet  wilted,  he  found  in  the  leaves  82.5%  water  and  17.5%  dry  sub- 
stance; in  the  stalks,  90%  water  and  10%  drj'  substance. 

Since  the  wilted  plants  eontained  nearly  twice  as  much  dry  sub- 
stance as  the  others,  it  appears  that  they  must  have  lost  almost  half 
their  water  before  their  sufferings  were  manifested  by  the  wilting ; 
and  the  inference  is,  that  long  before  the  plants  wilted  they  must 
have  been  living  under  abnormal  conditions.  In  case  it  should  have 
happened  to  rain  freely  the  day  before  these  plants  were  collected,  no 
wilting  would  have  been  seen,  although  the  crop  had  undoubtedly 
already,  and  for  some  time  previously,  been  seriously  crippled  by 
the  drought.  In  general,  it  may  be  said  that  the  wilting  of  a  crop 
affords  no  evidence  whatsoever  that  the  plants  had  previously  been 
properly  supplied  with  water.  A  discussion  of  the  highly  important 
question  as  to  the  amount  of  water  needed  by  crops  will  be  consid- 
ered under  the  heads  Barley  and  Oats. 

Quantity  of  Rain  tkatfaUt. 

In  New  England  very  large  quantities  of  water  come  to  the  land 
in  the  form  of  rain  and  snow.  Inasmucli  as  one  inch  of  rain  de- 
liven  4673  gallons  to  the  square  yard,  or  22,617  gallons  (101  long 
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toM  by  we^ht)  to  tba  acn,*  a  raiofkU  of  40  incbca,  ot  t/na.  oC  20 
oc  30  ioehea  per  aimam,  must  supply  an  ea«tiiou  amouut  of  wat«r 
to  9ftty  acn  of  land.  Xbe  chiaf  tioubl«  is  Um  unequal  diabibntioB 
Oi  the  lun-vator.  In  lauij  ngioits,  the  land  U  diowDed  sod  baked 
by  tunw. 

^Moiinf  of  Water  vied  ut  Irrigatimg. 

Practically,  very  large  quautitiee  of  witter  sie  tbrowu  upoD  gran- 
fields  in  couiitiiea  wbere  irrigatiun  is  liabiUially  praetiaed.  In 
Italy,  as  Baird  Smith  concludea  froa  tbe  obeervationa  of  several 
diSsBHit  engineeiB,  an  amount  of  water  tliat  would  form  a  layer  or 
itratiiin  about  four  inchM  deep  over  the  eutjre  curhoe  of  tbe  iieM, 
if  it  were  poeBible  so  to  ^nad  it,  may  be  i^acded  as  sufficient  to 
gtre  a  meadow  a  proper  dreocbing.  It  is  assumed  in  Uiia  eae«  that 
abont  balf  th«  water  will  soak  into  tbe  soil,  wliile  tbe  other  balf 
flows  off  and  is  available  for  use  upon  lower-lying  fields. 

A  familiar  unit  of  measura  fur  irrigation  water  is  the  rate  of 
one  cubic  foot  per  second.  The  water  is  dsUTWsd  Uirougb  islets 
of  sQch  height  and  l»eadtb,  and  nnder  ancfa  a  bead  of  pteasars, 
that  the  number  of  cubic  feet  per  seooad  can  nadilj  be  ealenlated 
by  means  of  formulas  which  have  been  deriasd  by  the  bydianlie 


According  to  an  esperiment  of  De  Refri.  tbe  coBtioaed  discharge 
of  1  c  ft  of  water  per  second  is  sufficient  for  the  irrigation  ix  24 
hours  of  4  acres  of  mowiog  field,  Tbe  total  amount  of  water  dis- 
charged will  be  86,400  e.  ft. ;  and  aa  tbe  area  watered  is  174,240 
sq.  ft.,  it  appears  tbat  there  is  wal«r  enou^i  to  fum  a  layu  nearly 
6  inches  de^  over  tbe  suriace  of  tlie  meadow.  Twelre  aach  watex>- 
inga  are  gi-ren  in  tbe  aeason,  at  intervals  of  a  fortoig^  The  above 
estiffltfe  impliex,  however,  that  tits  whole  of  tbe  water  is  abaoibed 
by  the  soil,  which  is  never  tbe  ease  in  actual  practice.  Lombaid 
MigineerB  calculate  that  ftom  ^  to  ^  of  the  water  applied  is  ab- 
sorbed by  the  soil  Xatually  enough,  there  is  great  dlveisity  of 
opinion  even  in  Italy  with  rejjard  to  Uie  quantity  of  water  tbat 
should  be  given  to  meadow  land ;  and  on  some  of  ths  English 
watai  meadows  quantities  of  water  even  la^er  than  tba  foregoi^ 
are  said  to  be  expended. 

1  TcxuDvert  cabicincb«sintogiJloiuvniulti^jby40anddiridsby  ll.VSl, 
or  muUipl;  »t  once  by  O.O03S07. 
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Modet  ^  almatiHff  the  Wttter  ved  m  Irrigation. 

ThvTO  are  three  ways  in  whtdi  th«  total  qiuatity  of  water  tm- 
plojed  is  eatiinated :  lot,  by  the  volume  of  water  in  eoaturaed  du- 
chorge  reqnired  to  irrigate  a  given  at«a  of  luid  ;  2di,  by  tbe  total 
^epth  of  water  spread  over  the  eoil,  either  at  each  watering,  or 
dnrtng  the  whole  seuon  of  irrigatioo ;  and  3d,  by  the  total  cntnc 
contents  of  the  mssa  of  water  enii^yed.  Smith  eays  that  the  itatia- 
tics  of  irrigation  in  India  eh<nr  that  the  contiiraed  diaebai^  of  one 
cubic  foot  of  water  per  second  is  mdBcient  for  tbe  irrigatim  thiongb- 
oat  the  year  of  nearly  180  acres  of  land.  Here  the  dimate  per- 
mita  the  use  of  the  water  the  wltc^e  year  throvgfa.  In  this  oatimate 
all  kinds  of  ndtbration  an  mehided,  tbongh  it  is  widl  known  that 
the  consomption  ot  water  for  different  crops  is  eztmn^  Tariahls. 
Kce,  sngiovesne,  cotton,  eereola,  etc.,  each  leqniie  theii  own  special 
qnantity  of  water. 

On  eumniing  up  the  remtts  of  Freneh  and  Italian  experienos 
Bnffon  concluded  that  the  irrigation  of  an  acm  of  meailov  nqniiea 
nnder  aTerage  circnmstances  the  continued  discharge  of  18^  ealae 
inches  of  water,  which  gives  an  eflectire  power  jier  enbio  foot  per 
second  of  93  acres.  Smith  belieree  this  to  be  a  vet7  close  ifipioxi- 
tnation  to  the  troth,  and  he  gives  the  fallowing  enmmary  in  rapport 
of  it:— 

D«  Begi'j  wdmata M  nciei  per  cutnc  foot  per  Kcond. 

HLlaness  "  TZ       "  "  "  " 

TfToneae  ami  MuntDan  egtinwte  .     69        "  "  "  " 

Tadini'a  estimate 88       "  "  "  " 

BiAm's        "....■..    98        ** 

He  reason  whj  this  estimate  amoanta  to  bnt  little  moie  than 
half  the  Indian,  is  that  in  Italy  the  water  is  seldom  osed  dming 
more  than  half  the  year.  The  gteait  mass  rf  th«  wats  eanaonwd 
hi  Italy  is  used  between  the  middle  of  March  and  the  begiBxiag  of 
Sopteaber. 

Water  Meadoua. 

It  waa  costomary  at  one  time  long  ago  in  Enrape  to  arrange 
&rms  in  snch  wise  that  each  farm  was  based  upon  the  occammal 
irrigation  of  one  portion  of  it ;  and  many  sock  hrma  tan  EtiU  vais- 
tained  there  upon  the  Continent.  The  id«a  was,  that,  by  means  of 
a  just  proportion  of  permanent  grass-land  kept  conslaBtly  prodnctiva 
by  irrigating  it,  so  many  cattle  nwy  be  maintainfld  that  the  rest 
a£  the  Ikrm  can  be  suaniml  withtbt  diuig  a€  than  oittla^    TIhm 
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parte  of  the  farm  nhich  ok  not  devoted  to  grua  aie  thus  made  to 
produce  crops  of  grain,  or  other  merchantable  products,  at  the  ex* 
peuae  of  the  watered  meadow.  This  method  of  procedure  is  a  ver; 
old  one,  and  it  was  moat  commonly  put  in  piftctice  when  the  Kuro- 
poan  couatriea  were  comparativelj  speaking  new  and  poor,  much 
as  New  £ngland  is  now.  Doubtless  there  are  hundreds  of  &nna 
in  New  England  that  could  be  kept  up,  somewhat  in  this  way,  at 
trifling  cost,  in  places  where  the  fields  are  now  seen  to  be  burnt  b> 
a  crisp  in  the  August  droughts,  and  comparatively  sterile  through- 
ont  the  year. 

Almost  everywhere  in  Xew  England  there  are  to  be  found  light, 
leachy,  hungry  soils,  based  upon  sand  or  gravel,  which  become  dry 
at  the  surface  in  a  few  hours  after  rains,  and  dry  up  completely  in 
times  of  drought,  often  to  the  depth  of  many  feet.  Such  soils  are 
ao  easily  worked,  and  are  ready  for  the  plough  so  early  in  the  season, 
that  they  attract  many  brmers,  especially  those  who  are  weak  aa 
to  teams  and  laborers;  hence  they  are  very  often  cultivated.  One 
point  to  be  made  in  favor  of  these  drift-gravel  loams  ie,  that  they 
have  a  wide  range  of  workability,  so  to  epeak ;  that  is  to  say,  they 
may  be  ploughed  and  tilled  at  almost  any  time,  excepting  when 
they  are  soaking  wet,  or  perhaps  when  they  are  baked  dry.  It  ia 
not  BO  with  clayey  soils,  which  remain  cloddy  when  ploughed  dry, 
and  work  like  putty  when  ploughed  wet ;  and  so,  too,  of  some  fine 
silts,  or  silt-like  loams.  Such  soils  as  these  last  have  to  be  ploughed 
when  "just  right,"  or  a  risk  is  run  of  injuring  their  tilth  for 
years. 

When  well  manured,  the  light  New  England  loams  jnst  now 
Bpoken  of  give  good  crops  in  wet  seasons,  though  in  dry  summers 
they  often  yield  nothing  or  next  to  nothing.  When  loft  as  pasture, 
the  worthless  oat-grass  or  "  white-top  "  (Danthonia)  tends  to  sup- 
plant all  useful  forage.  But  euch  lands,  if  irrigated,  would  eveiy 
year  yield  good  crops,  and  they  could  readily  be  kept  up  as  perma- 
nent pastures. 

It  aeema  hardly  consonant  with  the  fitness  of  things,  when  half- 
starved  cattle  are  seen  searching  a  brown  hillside,  in  times  of 
drought,  for  some  scanty  blades  of  grass,  when  ample  suppliea 
of  water  are  dose  at  hand  that  might  readily  be  applied  to  make 
the  hillside  fertile. 

It  is  not  alone  ponds,  and  water-holes,  and  lov-lylng  brooks,  that 
are  n^lected  among  na ;  there  are  multitudes  of  active  brooks  in 
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the  hill  conntiy,  the  wateis  of  wliich  need  only  to  be  dlTerted,  and 
regulated  aa  to  their  late  of  flow.  It  would  be  easy  to  form,  in  this 
way,  fields  which  would  produce  a  crop  of  hay  in  June,  and  after- 
wards furnish  abundant  pastui^e  throughout  the  summer. 

In  the  long  summers  of  Italy  permanent  irrigated  meadows  are 
mown  thrice,  and  occasionally  even  four  times,  in  the  season,  and 
tliey  are  subsequently  pastured  in  the  autumn.  Baiid  Smith  has 
calculated  the  annual  production  from  an  English  acre  of  such 
meadow  as  follows  ;  — 

Hay  from  1st  cutting 2,780  lb. 

H«y  from  2J      "  2,072  " 

Hnj  from  3d       "  1.5a7  " 

Total  hay  per  acrs 6,S&U  " 

I.  e.  rather  more  than  three  tons  of  hay,  beside  the  pasturage,  which 
is  reckoned  to  be  worth  about  |2  the  acre. 

Irrigation  u  widely  pradited. 

As  applied  to  mowing  lands  and  pastures,  irrigation  is  common  in 
Germany,  in  Switzerland,  and  in  the  Tyrol,  as  well  as  in  some  parts 
of  Fiance  and  Spdn,  while  in  several  provinces  of  Italy  the  practice 
is  said  to  be  wellnigh  nniversaL  lu  Italy,  irrigation  is  applied  to 
Indian  com  also,  and  to  rice  of  course,  though  rarely,  it  is  said,  to 
other  hinds  of  grain.  But  in  India,  grain,  sugei'^ane,  cotton,  and  a 
great  variety  of  other  crops,  are  habitually  irrigated.  As  regards 
grain,  in  particalar,  much  depends  in  any  given  locality  upon  the 
time  of  year  when  rains  fall,  and  upon  the  amount  of  the  rain. 

In  general,  the  practices  of  tropical  countries,  in  many  parts  of 
which  irrigation  ia  an  absolute  necessity  in  order  that  plants  may 
constantly  be  kept  succulent  enough  to  grow,  munt  not  be  compared 
too  closely  with  the  requirements  of  temperate  lands,  although  it  is 
most  conspicuously  true  that  irrigation  is  at  its  best  in  hot  climates. 
In  the  words  of  Townsend,  writing  of  S])ain,  "  It  is  astonishing  to 
see,  in  a  warm  climate,  the  rapid  growth  of  plants  that  are  well 
supplied  with  water.  The  smallest  cutting  of  a  vine  will  in  the 
space  of  15  or  16  months  cover  the  front  of  an  extensive  edifice,  or 
form  a  spacious  arbor  from  which  the  assembled  family  may  gather 
in  abundance  the  most  luzuriona  grapes.  In  such  a  situation  the 
seeds  of  limes,  oranges,  and  lemons,  will  in  4  or  S  yeara  produce  a 
shady  grove ;  and  mulberry  trees,  when  wholly  stripped  of  their 
leaves  for  the  nutriment  of  silkworms,  will  again  in  a  few  days  be 
covered  thick  with  foliage.     Thns  Adanson,  in  his  account  of  Seiie- 
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gal,  infoniu  na  that,  when  everything  gnan  has  been  devouied  by 
locust^  not  a  vestige  of  thai  destraetive  progieM  can  be  diacoverod 
after  tbe  lapse  of  a  few  daye." 

The  foUowing  example  of  an  Italian  ntatioii  ia  given  by  Burd 
Smith :  1.  Wheat,  to  be  reaped  ia  July,  giaa»«eed  being  aown  with 
the  wheaL  2,  3,  and  4.  Meadow  ander  irrigation  and  abundantly 
manured.  Q,  Indian  corn,  or  flax.  After  the  flax  is  cut,  at  the 
eud  of  June,  millet  ia  aown,  which  comes  to  maturity  in  October. 
Sometimes  another  crop  of  maixe  ia  taken  in  the  sixth  year,  before 
returning  to  wheat. 

Sain  eavKd  hy  the  Dettmetion  of  Irrigation  Worh. 

With  regard  to  other  oountries,  the  underground  canals  in  Persia, 
and  the  cisterns,  water-tanks,  and  irrigation  ditches  in  ladia,  are 
ptominent  features  everywhere,  to  judga  from  the  constant  mention 
of  them  by  travellers,  and  so  it  wsa  fonnerly  in  Palestine  and  Syria. 
According  to  Mr.  Marsh,  it  is  to  the  destruction  of  the  ancient  reser- 
voira  that  the  diminished  fertility  of  these  countnea  most  be  at- 
tributed. Hha  aoT&ce  of  Palestine,  he  aaya,  is  composed  in  great 
ineaaan  of  rounded  limestone  hills,  near  the  tops  of  which  reaer- 
voin  were  hewn  in  the  rock  to  retain  the  winter's  rains,  wliile 
the  declivities  were  terraced.  So  lung  aa  these  cisterns  waia  ia 
good  order,  and  the  terraces  kept  up,  the  fertility  of  Palestine  wag 
unsurpassed;  but  when  misgovern  meat  and  wua  occasioned  tlio 
neglect  or  destruction  of  these  works,  traces  of  which  still  meet  th« 
traveller's  eye  at  every  step,  when  tbe  reservoirs  were  brokm,  and 
the  terrace  walls  had  fallen  dowu,  tlieca  was  no  longer  water  for 
irrigation  in  summer,  the  nins  of  wiat»  soon  washed  away  most  of 
the  thin  layer  of  earth  upon  the  rocks,  and  Palestine  was  reduced 
almost  to  the  condition  of  a  desert  So,  too,  in  the  neighboring 
oounkiea.  In  Egypt,  as  Mr.  Marsh  explains,  evi^iBtion  and  ab> 
sorption  by  tbe  earth  ate  so  rapid,  that  all  annual  eropa  tequiro  irri- 
gation during  the  wh<^  period  of  their  growth.  Aa  fast  a*  the 
water  of  the  river  retires  by  the  subsidence  of  the  anunal  inunda- 
tion, the  seed  is  sown  upon  the  still  nuHst  nacovered  soil,  and  iiri- 
gation  begins  at  once.  Upon  tbe  Nile  the  oraaking  of  tbe  water- 
wheels,  and  sometimeB  the  movements  of  Btesm  pump^  an  heard 
trough  the  whole  night,  while  the  poorer  inhabitanto  unceasingly 
ply  tba  simple  bucket  and  sweep,  laboriously  raising  tbe  w^ec 
from  trough  to  tcough  by  aa  many  aa  six  or  seven  stages  when  the 
river  ia  low.    The  quantity  of  water  thus  drawn  from  ttia  Nile  ia 
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Th«  ooaditioiiB,  u  ngaidn  soil  wad  climate  at  least;  nsder  which 
iirigation  ia  pnctiaed  in  Italy,  would  seem  to  be  newly  akin  to 
those  wbich  obtain  in  New  Eiigland.  Acoording  to  Ur.  Manbf  the 
Bommere  in  Nortbem  Italy,  though  longer,  are  veiy  often  not  wanner 
than  in  N^aw  EDglaud  ;  and  in  ordinary  yean  the  atmuner  raina  are 
as  frequent  and  as  abundant  in  the  former  country  as  in  the  latter. 
Yet  ia  Piedmont  and  Lombaidy  irrigation  is  generally  practised. 
In  the  great  allaTial  plain  of  NoTthem  Italy,  where  irrigfttion  is  so 
eoDunon,  the  soil  ia  Tttry  extenaively  underlaid  by  badii  of  pebbles 
and  gntTel  broaght  down  by  mountain  tonents  at  a  remotti  epoch, 
just  as  moUitadea  of  loamy  fields  in  New  Eugland  are  underlaid  by 
the  grarelly  glacial  "  drift"  In  the  year  1856  about  four  thir> 
teeutha  of  tba  old  kingdom  of  Sardinia  were  irrigated, — some 
S00,000  acrea  namely.  In  Lombaidy  there  wen  1,100,000  ociea, 
and  in  France  about  300,000  acrea.  Mr.  Manh  held  that  then 
was  erery  reason  to  believe  tliat  the  practice  of  inigation  will  gnaiij 
increase  in  the  South  of  Europe.  He  estimated  some  years  sines 
Uiat  the  artificially  watered  soil  of  Italy  would  be  doubled,  and  that 
of  France  quadrupled,  before  the  end  of  thia  century.  He  tells  us 
that  two  of  the  canals  in  I^mbaidy,  by  which  some  250,000  acna 
of  land  an  irrigated,  were  dug  in  the  twelfth  century. 
Antiquity  of  Irrigation. 

Indeed,  it  is  a  very  enrioua  foot  iu  the  history  of  irrigation,  that 
Uie  art  attained  a  high  degree  of  excellence  at  a  very  early  period, 
and  afterwords  suffered  a  great  decline,  when  the  couutriea  that 
practised  it  won  ounquered  and  overrun  by  nations  ignorant  of  the 
art.  Not  only  did  this  happen  in  Palestine,  and  in  Persia  and  the 
adjacent  countries,  but  the  aame  result  came  to  paaa  iu  Spain,  and 
in  Mexico  and  Pern  when  tbe  Spaniazda  amrun  these  eountriea ; 
and  ao  it  was,  too,  in  India,  when  the  li'jig<i»>i  hrst  took  poosensjoa 
of  the  land.  The  only  difierance  was,  that  in  some  of  these  coses, 
as  in  Palestine,  the  irrigation  works  were  eompletdy  destroyed, 
while  in  others  they  were  merely  neglected  or  curtoiledi  so  that  the 
derelopment  of  the  art  was  checked.  The  Moors  who  took  poooeo- 
aioo  (rf  Spain  in  the  nxth  centnry  were  skilful  irrigators,  aud  they 
constracted  greot  worka  to  this  end  all  over  the  country,  and  in  the 
oonthem  port  of  Fnnce.  Bat  when  the  Spaniards  expelled  the 
Hoois,  the  greatot  port  of  the  iragation  wovka  went  to  ruin.  Just 
so  it  was  in  Pam  and  in  M"*"*",  the  invaders  being  lesa  civiliied 
than  the  inradad  in  this  partiailar  reepect.     But  in  apita  oi  their 


jbvGooglc 


260  AQRICULTDBB. 

ignorance,  the  Spauiards  did,  nevertheless  le&m  enough  ebont  irri- 
gation to  keep  the  art  alive,  after  a  &shion.  Indeed,  in  some  parU 
of  Mexico  thejr  constructed  extensive  works,  and  it  is  ttom  contact 
with  the  Spaniards  in  California  that  Americans  have  begun  to  learn 
something  about  the  subject. 

There  ia  every  reasoii  to  believe  that  the  art  will  heuceforth 
prosper  in  this  country,  now  that  people  are  reallj  interested  in 
it.  Not  that  it  is  probable  that  the  Americana  will  speedily  attain 
to  the  same  kind  of  perfection  which  was  reached  by  the  Spanish 
Moon.  It  is  not  at  all  likely  that  our  people  will  try  to  carry  out 
the  details  so  nicely,  so  methodically,  and  so  systematically  as  the 
Moors  did.  But  it  ia  t-o  be  expected  that  they  wUl  adapt  the  art 
very  completely  to  the  requirements  of  the  present  day,  and  obtain 
h^chly  profitable  resulta  by  means  of  it  At  any  moment  now,  it 
may  became  fashionable  in  many  parts  of  this  country  to  establish 
irr^tioD  works,  and  for  practical  men  to  insist  upon  the  merit  of 
the  art  as  if  it  were  a  new  discovery. 

In  India,  the  English,  after  many  years  of  comparative  neglect, 
took  up  the  matter  zealously,  and  they  hare  done  much  to  exl«nd 
and  improve  the  methods  of  irrigation  which  are  practised  in  that 
countr}'. 

The  following  citation  from  Birkbeck  relates  to  the  Moorish  sya- 
tem.  In  describing  the  Boutheasternmust  comer  of  France^  where 
it  touches  the  Spanish  border,  be  says :  "  How  this  country  was 
originally  laid  out  bo  judiciously,  with  channels  of  irrigation  eyate- 
matically  arranged  for  the  beneht  of  the  whole,  is  a  mystery  I  have 
not  beard  explained.  A  master's  hand  seems  to  have  planned  and 
executed  all,  before  the  appropriation  of  the  soil ;  otherwise,  pri\-ate 
interest  would  have  interfered  and  marred  the  design.  Every  man 
now  finds  a  caual  for  bringing  on  water  passing  above  bis  field,  and 
a  canal  for  drawing  off  water  at  the  bottom,  the  latter  serving  in  its 
turn  to  let  on  water  for  the  land  below." 

"  The  manner  of  applying  the  water  is  extremely  simple.  A  dam 
ia  made  across  tiie  upper  channel,  from  which  the  water  fows  gently 
into  a  farrow  made  by  the  plough  along  the  higher  side  of  the  field, 
and  in  a  few  hours  soaks  through  the  whole  soil,  until  it  reaches 
the  lower  side,  which  oompletes  the  operation.  The  following 
course  of  crops,  which  ia  one  of  the  usual  practices  of  the  district, 
may  show  what  this  amphibious  husbandry  can  effect.  In  August 
tliey  scratch  the  wheat  stubbles  with  their  little  Roman  plough, 
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vhich  does  not  turn  &  furrow,  nor  mova  a  fourth  of  Qie  snr&ce ; 
thej  then  aov  ohuubI  clover  [crimson  clovar,  T.  iucamatum],  and 
plank  it  in  bjr  dragging  over  the  land  a  plonk,  on  which  a  boy 
rides,  thus  breaking  the  clods  and  smoothing  the  sorface.  The 
weeds  and  stubble  are  but  little  affected  by  these  subetitutee  for 
ploughing  and  rolling.  But  this  is  no  matter,  for,  the  water  being 
sow  introduced,  the  clover  starts  inatantaneously  as  it  were,  and  is 
knee-deep  by  October  or  November,  when  it  is  fed  off  by  sheep. 
Water  is  applied  from  time  to  time,  and  in  January  or  February 
the  clover  is  ied  again.  Finally,  it  is  mown  for  hay  in  Hay,  yield- 
ing a  heavy  crop.  As  soon  as  the  hay  is  off  the  land,  another 
scratch  is  given,  millet  or  beans  are  sown,  irrigation  goes  on,  the 
crop  ia  reaped,  and  the  ground  Mceives  lour  ploughinga  as  a  piepa- 
lation  for  wheat,  which  is  sown  ia  October  or  November. ....  This 
is  the  history  of  one  year;  and  is  a  familiar  and  constant  practice 
in  this  le^on." 

Some  EviU  of  Irrigation, 

It  is  but  ^r  to  say,  tliat  the  practice  of  irrigation  is  attended 
with  certain  drawbacks,  excepting  in  broken  and  hilly  countries, 
like  some  parts  of  New  England,  where  springs  and  rivulets  are 
numetbus.  According  to  Mr.  Marsh,  any  large-way  system  of  irri- 
gation necessarily  brings  in  its  train  very  serious  evils,  botli  eoo- 
notnical,  sodal,  political,  and,  as  be  might  have  added,  malarial 
The  construction  of  canals  and  their  immensely  ramified  brauchea, 
and  the  grading  and  scarping  of  the  ground  to  be  watered,  are  al- 
ways aspensive  operations,  and  they  often  require  an  amount  of 
capital  which  can  be  commanded  only  by  the  state,  by  moneyed 
oorporations,  or  by  very  wealthy  proprietors. 

The  capacity  of  the  canals  must  be  calculated  with  reference  to 
the  area  intended  to  be  irrigated ;  and  wlien  they  and  their  branches 
are  once  constructed,  it  is  very  difficult  to  extend  them,  or  to  ac- 
commodate any  of  their  original  arrangements  to  changes  in  the 
condition  of  the  soil,  or  in  the  modes  or  objects  of  cultivation. 
The  flow  of  the  water  being  limited  by  the  abundance  of  the  source, 
or  the  capacity  of  the  canals,  the  individual  proprietor  cannot  be 
allowed  to  withdraw  water  at  will,  according  to  his  own  private 
interest  or  convenience,  but  both  the  time  and  the  quantity  of  sup- 
ply must  be  regulated  by  a  general  systero,  applicable,  as  &r  as  may 
be,  to  the  whole  area  irrigated  by  the  same  canal ;  and  every  culti- 
vator most  conform  his  industry  to  a  plan  which  may  be  entirely 
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at  muitM  with  his  special  objscU,  or  with  Iub  views  of  good 
husbandly. 

The  clashing  interests  and  the  jealousies  of  pDtDpcietoTS  depend- 
ing OQ  the  same  means  of  supply  are  a  source  of  ineesaant  conten- 
tion and  litigation,  and  the  eapricei  or  partialities  of  the  ofQoets 
who  control  or  of  the  contractors  who  &nn  the  canala,  lead  not  in- 
frequently to  ruinous  injnstioe  towards  individual  landholdtta.  Ib 
Europe,  theee  cirvumstancee  have  discouraged  the  diTision  of  the 
soil  into  small  properties,  and  there  is  a  constant  tendenoy  to  the 
accumulation  of  large  estates  of  irrigated  land  in  the  hands  of  great 
c^tUliete,  and  consequently  to  the  dispossession  of  the  small  culli- 
Tators,  who  pass  from  the  condition  of  ownera  of  the  land  to  that  at 
hireling  tillers.    The  farmers  era  no  longer  yeomen,  but  peasants. 

Manifestly,  however,  these  evils,  as  set  forth  by  Hr.  Maish,  an 
of  the  same  gwieral  character  as  those  which  aeoompany  all  corpo* 
rate  action,  and  all  kinds  of  corporate  enterprises.  They  are  cited 
here,  because  they  enforce  the  lesson,  that,  if  nations  so  much  less 
fsvorably  situated  than  the  New  Engluidera  are  can  afford  to  sub- 
mit to  the  inconveniences  enumented  for  the  aake  of  the  benefits 
which  irrigation  offers,  there  must  be  all  the  more  reason  to  oon- 
demn  the  inertness  of  those  American  farmers  who,  by  utilizing  tba 
waters  of  their  own  brooks,  might  gain  all  the  advantagta  that  ara 
to  be  had  from  irrigation  without  encountering  any  conflicting  in- 
terests, or  opposition,  or  snnoyanoe  of  any  kind. 
Way4  of  Maitting  WaUr. 

Naturally,  the  simplest  and  easiest  metiiod  of  obtainit^  water  ia 
to  direct  the  flow  of  some  brook  or  spring  lying  at  a  higher  level 
than  the  field  to  be  irrigated.  But  there  are  many  ways  of  lifting 
water  at  small  expenee,  which  might  frequently  be  employed  with 
advantage  in  agriculture  and  horticulture.  The  hydraulic  ram  is  an 
efficient  and  an  inexpeneive  instrument,  which  can  do  a  great  deal 
of  work  without  need  of  much  supervision.  It  might  be  used  for 
purposes  of  irrigation  in  many  situations.  It  is  surprising  ^t  an 
instrument  in  such  common  use  in  this  country  ftjr  pumping  water 
into  houses  and  stables  should  be  so  seldom  employed  for  watering 
fields.  There  are  aspirating  siphons,  and  water-lifters,  actuated 
either  by  a  head  of  wat«r  or  by  steam,  which  are  extremely  simple 
both  as  to  their  construction  and  their  manner  of  working,  since 
the  motor  acts  directly  without  the  iiitervMition  cf  any  complicated 
machinery. 
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Windmills  iibo,  tuoh  w  wera  tanaoAj  abuodsnt  on  the  NA-eout 
of  MasaBchawtts  in  the  dmys  vhen  Mdt-wo^  were  necessuy  nr 
profitable  in  this  ngion,  might  aometimea  b*  aB«d  to  lift  water  for 
irrigating,  though  their  action  i«  necesaahljr  intermittent,  and  there 
mint  be  leeeiroirs  connected  vitb  them  to  be  filled  when  the  wind 
permits. 

Many  varieties  of  steam  pumpa  can  be  mn  at  imall  cost,  some  of 
them  with  entire  safety  also.  So,  too,  there  ate  cheap  engines,  actu- 
ated by  hot  air  obtuoed  from  an  ordinary  stove.  Theae  engines 
need  but  little  attention,  and  are  no  more  d&ngeroua  than  a  oo<^in^ 
stove.  Even  where  an  engine  is  Teqnired,  it  is  an  easy  matter  to 
lift  water  to  a  modemte  height  at  small  coat.  A  riow-moving^ 
great  wbeel-pnmp  will  sepop  np  watnr  very  cheaply  to  the  height 
of  a  few  feet,  if  only  time  enough  be  allowed  for  it  to  work ;  uid 
such  a  pump  may  be  driven  either  by  steam  or  by  water  power  if 
it  be  at  band.  But  for  the  undue  cost,  the  wheel  might  be  driven 
indeed,  if  need  were,  by  borse  power,  or  by  means  at  cattle,  or  even 
by  manual  labor,  as  at  the  Bast. 

At  some  future  time,  doubtless,  pumping  engines  will  be  driven 
directly  by  the  heat  of  the  sun,  for  there  is  everywhere  an  eoor- 
mous  ainoant  of  force  to  be  had  for  the  taking  from  hot  sun- 
shine. Several  engines  for  utilizing  the  sun's  heat  as  a  motive 
force  have  already  been  devised.  ICr.  Ericsson,  among  other  in- 
ventors, claims  to  have  made  efficient  engines  of  this  kind.  There 
is  indeed  every  reason  to  believe  that  the  ordinary  methods  of 
agriculture  will  eventually  be  entirely  changed  in  many  conntries  — 
perhaps  In  most  couutriee  —  by  the  adoption  of  methods  of  irriga- 
tion founded  upon  pumping  water  by  means  of  engines  driven  by 
the  sun's  heat. 

Jtetertoir*  for  Itrigaticm  Watfr. 

As  for  the  reeervoirs  into  which  the  water  is  pumped,  or  in  which 
water  from  any  source  is  stored,  there  is  usually  no  need  that  they 
should  be  of  expensive  construction,  though  it  will  be  well  to  have 
them  tolefsbly  large.  In  general,  it  may  be  said  that  a  layer  of 
puddled  clay  will  hold  water,  and  that  a  methodized  mud-puddle 
might,  in  many  instances,  serve  an  excellent  purpose.  Explicit 
directions  for  the  making  of  cheap  pools  and  ponds  are  given  by 
the  early  Ehiglish  writers,  and  a  good  deal  of  attention  has  been 
given  to  the  subject  in  Europe,  as  bearing  upon  the  making  of  fish- 
ponds, om&meutal  waters,  and  field  leeervoirs  for  cattle.    In  some 
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toleralil;  firm  soils,  a  mere  coating  of  cement  applied  directl;  to  the 
soil  is  said  to  be  sufficient  to  make  a  wateftight  bole ;  but  it  would 
have  to  be  catefuUj  shielded  from  irost.  And  here,  in  fiict,  is  the 
weakeet  side  of  irrigation,  in  regions  where  the  winters  aie  cold.  In 
snch  countries  the  risk  of  damage  &om  frost  must  always  be  a  great 
bindrance  to  the  establishment  of  dams,  oistems,  leservoiis,  terraces, 
or  couetnictious  of  any  kind. 

ModtM  of  applying  Water. 

It  would  be  quite  beyond  the  scope  of  this  work  to  attempt  to 
describe  in  detail  the  mechanical  devices  by  means  of  which  water 
is  applied  to  the  land  in  systems  of  irrigation.  Many  special  trea- 
tises upon  the  subject  have  been  pablished,  and  may  be  obtained 
through  any  bookaeller.  It  is  to  be  remembeied,  however,  that 
many  of  the  complex  and  elaborate  arrangements  of  ditches  de- 
scribed by  the  older  authors  were  devised  at  a  time  when  grass  was 
mown  wholly  by  hand,  i,  e.  with  scythes,  before  mowing-machines 
had  come  into  use.  To  meet  the  requirements  of  these  machines, 
narrow  open  ditches,  with  steep  sides,  had  better  be  dispensed  with 
in  so  for  as  may  be  possible. 

One  simple  way  of  irrigating  where  the  land  is  somewhat  sloping, 
and  iu  grass,  is  to  bring  the  water  into  a  long  ditch  at  the  head  of 
the  slope,  and  to  lead  it  thence  into  smaller  ditches,  from  the  sides 
and  ends  of  which  project  still  smaller  cuts.  By  means  of  gates 
and  check-boatds  of  the  simplest  conceivable  construction,  the  flow 
of  water  into  the  several  ditches  is  regulated  both  as  to  its  quantity 
Hnd  its  direction.  At  the  heads  of  the  smaller  ditches  a  mere  sod 
is  often  UBe<l  as  the  gate.  By  treading  the  sod  down  6rmly  in  the 
mouth  of  the  ditch,  the  flow  of  water  is  checked,  and  by  taking  up 
the  sod  the  ditch  is  opened. 

The  entire  system  of  ditches  Is  so  arranged  that  a  thin  hut  regu- 
lar sheet  of  water  may  be  made  to  flow  at  will  over  any  and  every 
part  of  the  field.  Whatever  water  does  not  sink  iuto  the  soil  is  col- 
lected in  another  main  ditch  at  the  foot  of  the  slope,  and  so  carried 
olF;  or,  where  the  slope  is  long,  the  surplus  water  may  go  to  feed 
a  second  complex  of  ditches  similar  to  the  first.  After  the  flow  of 
water  has  been  kept  up  for  two  ot  three  days,  the  supply  is  shut  ot^ 
and  the  field  allowed  to  dry. 

In  Italy  the  surplus  or  drains^  water  which  collects  at  the  bot- 
tom of  the  elope  is  highly  esteemed,  since  in  that  country  it  has 
almost  always  passed  over  richly  manured  land,  and  has  thus  be- 
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cnme  moie  highly  charged  with  fertilidDg  nutUen  thsa  it  was  origi- 
jully.  The  Italians  attach  Cooeiderable  impoitance  also  to  the  fact 
Uiat  Ui«  temperature  of  the  water  becomes  higher  as  it  flows  a?at 
the  lanil,  and  is  in  so  far  better  fitted  to  promote  aitrification  and 
to  force  the  young  grass. 

The  operation  of  flowing  is  repeated  as  often  as  the  weather  may 
dictate  througboat  the  aeason.  Tiie  idea  is,  that  a  thorough  aoakiug 
■bould  be  given  to  the  land  at  proper  intervals,  but  that  the  water 
should  nerer  he  left  on  long  enough  to  exclude  air  from  the  porea  of 
the  soil  for  more  than  a  comparatively  brief  space.  If  air  wen  thus 
excluded,  tliere  would  be  a  risk  of  exciting  reducing  actions  which 
woald  make  the  land  cold  and  sour,  so  that  nseful  grasses  would  be 
killed,  and  the  growth  of  rushes,  sedges,  and  other  swamp  plants  be 
encouiaged.  In  irrigating  meadows,  it  is  held  to  be  essential  to 
have  ready  means  of  drainage  in  order  to  prevent  any  stagnation  of 
water  on  the  land.  As  Townsend  insisted,  long  »ga,  "  Stagnant 
water  is  at  all  times  unfriendly  to  meadows.  Such  water  may  re- 
main npon  tbe  eorfece  of  the  soil  for  weeks  or  months,  subject  to 
decomposition,  hat  instead  of  being  in  this  state  beneficial,  it  is  in- 
jnrious  to  crops.  In  water  meadows,  we  aniformly  obserre  that  U 
is  not  humidity  which  does  good,  but  a  thick  sheet  of  water  flowing 
incessantly  night  and  day  for  a  certain  period  over  the  surface." 
Irrigation  ieepa  Lcutd  "tteeei." 

On  the  other  band,  it  is  noteworthy  that  one  prime  merit  in  irri- 
gation, where  good  water  is  properly  applied,  consists  in  its  killing 
ont  mosses,  sedges,  and  the  like,  from  low-lying  meadows.  The 
inference  is,  that  this  result  is  accomplished  by  the  water's  washing 
out  from  the  soil  soluble  humic  acids,  sulphides,  ferrous  sulphate  (1), 
and  other  products  of  processes  of  chemical  reduction ;  —  products, 
that  is  to  say,  which  are  prejudicial  to  the  growth  of  good  grasses, 
but  which  can  be  supported  by  the  inferior  plants  just  mentioned. 

By  thus  killing  off  the  bad  plants,  and  encouraging  the  growth 
of  better  grasses,  irrigation  may  not  only  increase  the  yield  of  hay 
npon  a  meadow,  but  itnprove  tbe  quality  of  the  hay.  In  a  similar 
aense  it  is  to  be  remarked  that  brook-water  which  is  actually  mov- 
ing (living  water,  as  the  term  is)  is  far  leas  destmctive  to  some 
really  worthy  grasses  than  cold  or  stagnant  water. 

Eibbon-grass,  for  example,  will  grow  freely  even  in  sttuations 
where  a  thin  layer  of  brook-water  flows  over  the  land  welluigh 
continually.     Such  water  probably  contains  a  good  deal  of  air  in 
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BolutioA,  for  one  thing ;  mid  for  another,  it  naet  dilate  and  wasit 
awajr  any  soluble  hurtful  products  which  may  form  in  the  wet  aoiL 
But  if  the  water  were  left  for  so  long  a  lime  Bimply  to  stand  upon 
the  land,  or  to  soak  into  it,  and  were  not  oontiuufdly  in  motiou,  the 
grass  would  be  liable  to  pensh. 

It  often  happens  that  upon  a  hillside  a  single  ditch  drawn  across 
the  head  of  the  slope  will  be  sufficient  to  spread  the  water  tolerably 
equably  over  an  entire  tield.  Between  the  system  depending  thus 
upon  a  single  ditch,  and  the  more  elaborat«  ejstem  just  now  alluded 
to,  there  may  be  devised  an  almost  infinite  variety  of  armngements. 
Practically,  the  fanner  will  make  his  complex  of  ditches  more  or  lees 
methodical  according  to  the  lay  of  the  land  and  the  character  of  the 
inequalities  upon  its  surface.  But  the  irrigatian,  considered  as  a 
method  of  manuring  poor  land,  will  manifestly  be  the  more  complete 
in  proportion  as  the  number  of  the  distributing  ditches  is  greater, 
because  of  the  fixation  of  fertilizing  matters  by  the  soil  where  the 
water  first  comes  in  contact  with  it.  In  oase  there  is  but  a  sin- 
gle ditch  at  the  top  of  a  slope,  the  dissemination  of  the  fertilizing 
matters  will  be  more  or  less  restricted,  and  it  has  on  this  account 
sometimes  been  found  well  to  change  the  position  of  the  ditches 
occasionally  when  this  could  be  done  without  much  trouble. 

The  following  analyses  by  Mayer  exhibit  some  of  the  differencea 
in  the  composition  of  incoming  and  outgoing  water,  as  actually 
taken  from  an  irrigated  field.    A  litre  (1,000  grams)  of  water  con- 
tained the  following  amounts  of  dissolved  matters,  in  milligrams. 
Uis  Wtlar,  DniD  WiUr, 

L  «.  tncomlnii.  i. «.  onlcaiDi. 

Lime 23.1  12.* 

Alumina  and  oiid«  of  iron 2.1  S.S 

Phoaphoric  acid tnc«  trscs 

Potash i.2  2.9 

Matter  inioluble  io  muriatic  acid,  after 

evaporation  and  ignition  (silicaT)     .     .     11.1  13.) 

Organic  matter,  etc. 7.1  10.1 

B«aidne  left  on  evaporation,  i.  e.  mm  of 

the  dinolvad  matters 81.8  81.S 

One  system  of  irrigation  consists  in  throwing  up  the  land  upon 
the  banks  of  a  brook  into  rounded  beds  provided  with  a  shallow 
ditch  at  the  crown  or  summit,  and  deeper  ditches  at  the  base  of  the 
bed,  upon  either  side  of  it.  The  water  of  irrigation  is  lifted  from 
the  brook  into  the  upper  ditch,  and  made  to  flow  down  the  slopes, 
upon  both  sides  of  the  bed.  ■ 
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It  is  noteworthy  tUat  ptHCtiu&l  men  in  rnntiw  illT'Jiili  Mmr  in  un- 
gating mowing  lands,  the  water  should  be  let  on  by  night,  and  shut 
olf  during  the  day ;  and  that  no  water  should  be  applied  for  a  week 
before  the  graas  is  mown.  So  too,  after  the  hay  harvest,  and  after 
time  has  been  allowed  for  the  cut  stalks  to  become  dry,  the  water 
is  let  on  by  night  only,  and  is  shut  off  by  day.  The  practice  ta 
clearly  philosophical  from  the  chemical  point  of  view  ;  food  is  pro- 
vided for  the  grass  by  night,  and  the  light  and  heat  of  the  day  are 
permitted  to  act  vtthont  hindnnce  upon  the  growing  crop. 

Whenever  it  is  proposed  to  irrigate  grass-land,  care  mnst  be  taken 
that  the  grasses  grown  there  are  of  kinds  fit  to  be  irrigated.  Unlesa 
this  point  is  attended  to,  it  might  happen  that  no  adnntage  what- 
soerer  would  be  gained  by  bringing  water  upon  a  dry  field. 

One  important  consideiation  must  not  be  lost  sight  of,  and  that  is 
the  power  which  irrigation  gives  the  former  to  regulate  the  tempera- 
ture of  a  field.  In  case  there  is  danger  of  frost,  for  example,  either 
in  spring  or  in  autumn,  it  will  merely  be  necessary  to  flood  the  field 
through  the  night  in  order  to  protect  the  grass  from  harm.  In  the 
exoessive  heats  of  SDmnier,  alaa^  the  ooolneas  resulting  from  the  evap- 
oration of  the  water  from  the  moistened  soil  keeps  down  the  tom- 
penture  of  the  plant  to  a  healthy  limit 

Stwape  IrriffalioH. 

In  the  neighborhood  of  cities  and  large  towns  it  has  occasionally 
been  found  practicable  to  irrigate  laud  with  water  from  the  sewers, 
and  since  the  sewage  is  more  highly  charged  than  ordinary  water 
with  fertilizing  matters,  excellent  reauita  have  occasionally  been 
obtained  in  this  way.  The  irrigated  fields  outside  of  Milan  and 
Edinburgh  have  long  been  famous,  and  of  late  years  portions  of  the 
•ewage  of  London,  and  Paris,  and  Berlin,  and  several  other  cities, 
have  been  applied  in  a  similar  way. 

I  have  myself  examined  the  grass-land  outside  of  Edinburgh, 
which  is  irrigated  by  the  sewage  of  that  city,  and  I  can  testify  that 
the  published  accounts  of  its  wonderful  fertility  are  in  no  sense 
exaggerated.  The  vigorous  and  rapid  growth  of  the  grass,  and  the 
number  of  crops  obtained  in  the  couise  of  a  year,  as  well  as  the  size 
of  these  crops,  are  simply  marvellons.  The  meadows  in  question 
lM^:in  in  a  narrow  vallsy  close  to  the  city,  and  extend  at  intervsls 
a  distance  of  several  miles  down  to  the  sea.  There  is  a  narrow, 
deep,  open  brook,  which  ia  manifestly  natural,  fiowing  through  the 
middle  of  this  valley,  and  oanying  the  tewafje  of  a  part  of  the  town, 
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Attbongtk  tbe  eovned  MWen  of  the  Edinbtu^  ttiMfa^  beaiing  much 
filth  from  eaapixAa  uid  w«ter«loaeU,  flow  into  tliis  biook,  I  could 
not  perceiv«  that  Any  UDiunal  odor  ms  given  off  by  the  w&ter, 
except  on  very  careful  inspection.  A  atnu^ei  knowing  nothing 
of  the  matter  would  notice  only  that  tbe  water  of  tbe  brook  U  nn- 
OBaally  dark  and  mnddjr.  Thia  freedom  ftom  odor  is  donbtleaa 
due  to  ttke  ctreunutancea  that  the  brook  &Us  away  Ikmh  the  city 
lather  npidly,  and  that  a  great  deal  of  ground-water  from  the  higher 
parta  of  the  city  la  conatantly  flowing  into  the  brook  together 
with  tbe  sewage.  The  coolness  of  tbe  ground-water  and  the  rapid 
fall  tend  to  prevent  the  sewage  bom  putrefying,  and  the  aoceea  of 
ground-water  dilutee  it  to  a  state  of  comparatlTe  aweetaeae.  The 
rain-water  from  the  atieeta  ot  the  city  alao  flowa  through  the  sewers 
into  the  brook,  and  it  was  easy  to  see,  from  the  pieoea  of  drift  staff 
tn^ngjng  from  bnabea  and  the  edge  of  tbe  bank,  that  the  brook  is 
often  swollen  to  an  extent  very  much  greater  than  at  the  time  of  my 
Tiait.     Hence  it  is  scoured  periodically. 

Thanks  to  tbe  very  consideiable  difference  in  level  lietween  the 
aty  and  the  meadows,  the  falling  brook  is  nude  to  work  hydraulic 
rams  at  seversl  points,  so  that  as  much  of  the  sewage  aa  may  be  de- 
sired can  be  pumped  up  to  tbe  highest  edge  of  the  meadowa.  There 
it  is  received  in  a  long,  and  comparatively  speaking  deep  ditch, 
running  parallel  with  the  brook.  From  the  top  of  thia  ditch,  at 
distances  of  two  or  three  feet  firom  one  another;  small  rills  run  off 
at  right  angles  to  the  direction  of  the  ditch,  in  such  manna;  that 
the  sewage  water  can  flow  all  over  the  slope  between  the  upper 
ditch  and  the  brook  in  the  middle  of  the  valley. 

Tbe  grass,  which  comes  to  be  of  a  tatbar  coarse,  but  in  no  sansa 
"sour  "  quality,  is  cut  five,  or  even  six  times  a  year,  to  be  used  aa 
green  fodder ;  it  is  not  made  into  bay.  There  is  a  constant  socoe^ 
sion  of  outtinga  fKim  eariy  spring  to  late  autumn,  and  after  each 
cutting  tbe  plot  is  irrigated  once.  Tbe  luxuriance  of  the  grass  is 
most  remarkable,  and  so  is  tbe  freedom  of  the  place  ftom  smells. 
I  went  across  and  around  these  meadows  in  all  direotiuns  one  warm 
day  in  Uie  middle  of  September,  and  was  quite  unable  to  discover 
any  offensive  odor,  either  at  the  points  where  the  rams  were  work- 
ing, or  wheie  there  are  some  tapids  in  the  brook,  or  st  tbe  upper 
ditehes,  or  at  certain  settling  pools  or  ponds  which  occur  at  inter- 
vals in  the  cootsa  of  the  brool^  and  which  have  be«i  mads  for  tba 
porpon  of  catching  tba  mad  which  the  bwok  htiagt  down.    At 
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tike  fiwding  ditchca  mxndj  anj  odor  could  be  drtected,  although 
aome  of  them  were  half  filled  with  mud  and  filth  in  ptooeu  of 
dijing.  At  the  nma  there  was  a  certain  nnpteaaant  sm^  bat  it 
wu  TeT7  alight  and  altc^ether  local.  My  cxtmpaniona,  who  weie 
old  citizena  of  the  town,  insisted  that,  even  daring  the  hottest  daya 
of  enmmer,  no  appreciable  odor  can  he  detected  on  theee  meadows, 
so  perfectly  do  the  earth  and  the  growing  grass  absorb  and  conrame 
the  pntmacihle  mattera  of  the  sewage.  Whan  the  water  is  shot  off 
from  the  apper  or  feeding  ditch,  and  the  ditch  becomes  dry,  a  cer. 
tain  cjoaDtity  of  mud  is  scraped  out  from  it,  which  it  sold  to  market 
gardenera  to  be  used  as  manure.  In  the  same  way,  the  mud  from 
the  settling  poob  is  scraped  out  and  sold. 

It  is  said  that,  previous  to  Uie  irrigatioa  of  this  tract,  ft  was  a 
worthless,  neglected  sandy  waste.  $2.50  the  sera  would  then  have 
been  a  high  rental  for  land  that  is  now  let  at  the  rate  of  $160. 
The  original  sand  wss  dug  out  to  be  used  in  the  city,  and  in  its 
place  rubbish  of  all  sorts  from  the  city  was  laid  down ;  it  being  a 
comparatively  easy  matter  to  grade  the  eurfitoe  of  the  rubbish  so  as 
to  fit  it  for  receiving  the  water  evenly. 

At  Edinburgh  the  sewage  is  applied  only  to  grass,  though  the 
deposit  from  the  pools  is  used  as  a  manure  for  all  sorts  of  vegeta- 
Uea.  The  fact  that  this  irrigation  is  so  snoeesefiil  in  the  moist  cli- 
mate (tf  Scotland  goes  to  enforce  the  argument  that  irr^tion  most 
be  looked  upon  as  a  chemical  process.  It  will  be  noted  also,  that 
the  mbbish  aubeoil  affords  an  open  porous  land,  much  as  if  it  were 
filled  with  tile  draina. 

In  1677  there  were  400  acres  of  theee  "foiued  meadows"  near 
Edinburgh,  and  they  are  said  to  increase  gradually.  The  Craigen- 
tinny  meadows,  just  now  mentioned,  were  about  200  acres  in  extent, 
and  they  had  then  been  irrigated  for  30  yean  and  more.  They  were 
laid  down  at  first  to  Italian  ray-grass  and  a  mixture  of  other  grass 
eeeda,  but  theee  artificial  grasses  disappeared  long  ago,  conch-grass 
and  varions  natural  glasses  having  taken  their  place.  The  grass  is 
■old  gnen  to  cow-keepers,  and  yields  from  $80  to  $ISO  per  acre. 
One  year  the  price  reached  $220  per  acre.  They  get  five  cuts  be- 
tween the  1st  of  April  and  the  end  of  October.  This  farm  of  300 
acres  turns  iu  to  its  owner  every  year  from  $15,000  to  $20,000,  at 
the  least  calculsition,  snd  his  runniug  expenses  conaist  in  the  wages 
of  two  men  who  keep  the  ditehea  in  order.  The  sewage  he  gets 
free.    The  yield  of  grass  is  estimated  at  from  60  to  70  tons  per  acre. 
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Tbe  total  prodacd  of  the  semge  irrigatioii  ai  Edinborgh  amoaoti 
to  &t  least  130,000  per  annam,  taking  one  year  with  another.  Tbe 
grass  goes  to  some  2,000  cowa,  and  the  milkmen  all  acknowledge 
that  they  cannot  get  any  milk-producing  food  to  compare  with  it 
for  the  same  amount  of  money,  notwith standing  tbe  seemingly  high 
price  that  is  paid  for  tbe  grass  per  acie.  Of  coone  the  dnng  from 
these  cows  goea  to  fertilize  other  iarm  land. 

The  only  question  is,  whether  there  may  not  remain  adhering 
to  grasa  which  bos  thoe  been  bathed  with  sewage  some  germs  of 
typhoid,  cholera,  or  other  tile  diseases,  which  are  propagated  in 
bnman  excrements.  In  view  of  what  is  now  known  of  the  modea 
of  transmission  of  such  diseaBes,  it  is  difficult  to  took  with  entire 
eomplacency  upon  the  act  of  feeding  cowa  with  grass  thus  liable 
to  contamination,  or  of  throwing  abont  such  grass  in  stablea  where 
milk  is  exposed  to  the  air  during  the  operations  of  milking,  strain- 
ing, and  canning.  It  must  be  admitted,  however,  that  this  objection 
is  pnroly  hypothetical  Practically,  milk  and  beef  &om  cows  fed 
apoD  eewaged  grass  seem  to  be  perfectly  healthful  foods,  and  so  do 
regetables  that  have  been  grown  on  sewage  farms. 

There  are  few  great  cities  in  the  world,  howerer,  beside  Edin- 
burgh and  Milan,  where  ammgements  such  as  those  just  described 
are' possible.  Any  land  so  near  a  growing  city  as  these  meadows 
•le  to  Edinburgh  is  far  too  valuable  for  buildings,  for  agriculture  to 
hope  to  lay  any  claim  upon  it.  But,  as  has  recently  been  done  at 
London,  Paris,  Dantzic,  Berlin,  and  Bereial  smaller  cities,  it  is  possi- 
ble to  pump  the  sewage  into  reservoirs,  and  then  carry  it  through 
aqueducts  for  as  many  miles  as  may  be  necessary  for  the  aake  of 
fertiliung  some  barren  waste.  In  such  cases  the  only  question  to 
be  asked,  from  the  agricultural  point  of  view,  is  whether  the  waste 
land  could  not  be  reclaimed  more  cheaply;  whether,  in  (s^i,  the 
money  spent  in  erecting  and  maintaining  the  pumpa,  aqueducts, 
reservoire,  and  works  of  irrigation  might  not  be  used  to  better  agri- 
cultural advantage  in  impoiting  guano  or  fossil  phosphates,  in  com- 
posting peat,  or  bringing  potash  from  the  Stassfiirt  mine,  or  even 
in  irrigating  tbe  land  with  mere  water  from  some  adjacent  brook. 

Generally  speaking,  the  cost  of  carrying  sewage  to  the  Sam  land 
simply  for  the  sake  of  the  fertilizing  materials  contained  in  it  would 
be  &r  too  large  to  admit  of  any  such  project  being  aeriously  thought 
of.  It  is  only  where  waste  land  is  readily  accessible,  and  so  situated 
that  the  sewage  can  flow  to  it  by  mere  force  of  gravitation,  that  this 
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liquid  can  be  ecoDomicallj  empla^red  u  a  manure.  UsuAlly  the 
conditions  in  the  vicinity  of  cities  aie  such  that  &  long  and  costly 
system  of  pipes  would  have  to  be  carried  over  bill  and  dale  for  the 
conveyance  of  the  sewage,  and  the  liquid  would  have  to  be  lifted  by 
means  of  ateam  pumps  in  order  that  it  should  flow  thiougb  the 
pipes.  But  the  cost  of  any  such  constractiona  as  these  could  not 
ful  to  be  larger  than  the  agricultural  value  of  the  sewage,  and  no 
former  or  combination  of  farmers  could  possibly  afford  to  pay  for 
them.  Hence  it  follows,  that,  whenever  city  sew^je  is  to  be  con- 
veyed to  farm  land,  tbe  necessary  apparatus  will  have  to  be  built 
and  maintained  by  tbe  city,  solely  for  the  sake  of  getting  rid  of 
the  61th. 

It  was  thought  at  one  time  that  sewage  thus  carried  out  from  a 
city  might  be  sold  to  tbe  farmers,  or  even  given  to  them  gratia,  in 
case  they  were  indisposed  to  pay  for  it  But  this  scheme  has  been 
found  to  be  impracticable. 

There  can  be  no  question  that  sewage,  even  the  weakest,  would 
be  a  valuable  manure  if  the  farmer  oonld  find  it  at  the  edge  of  his 
field,  brought  there  at  little  or  no  expense  to  himself  aa  i>  the  case 
at  Edinburgh,  and  if  the  privilege  were  allowed  him  of  osing  tlis 
material  at  any  moment,  and  in  such  quantities  aa  he  might  choose, 
or  of  not  using  any  at  all  if  he  thought  best.  Unfortunately,  such 
&eedqm  of  action  as  thia  would  be  quite  incompatible  with  that 
constant  and  complete  purification  of  the  sewage  which  is  the  one 
particular  point  the  city  has  to  care  for.  Consequently,  in  most  in- 
stances where  aswage  irrigation  ia  practiaed,  tbe  cities  have  had  to 
buy  and  lay  out  tracts  of  land  for  themselves,  and  to  farm  them 
also,  at  high  cost 

Possibly  a  time  may  come,  under  some  forms  of  government, 
when  it  would  be  economically  practicable  for  a  city  to  divide  the 
irrigated  tract  into  a  number  of  small  fimna,  and  to  lease  these 
fanus  to  the  highest  bidders,  subject,  of  course,  to  stringent  rules 
and  regulations  as  to  the  manner  of  using  the  sewage.  In  this  way 
the  farmers  would  get  the  sewage  for  just  what  they  could  afford  to 
pay  for  it ;  that  is  to  say,  tbe  final  result  would  come  to  this,  after 
the  value  of  tbe  &rms  had  been  indicated  by  the  experience  of  a 
term  of  years.  The  notion  that  sewage  might  be  carried  in  pipes 
through  considerable  districle  and  sold  to  the  farmen  there  resident 
is  now  regarded  as  chimerical,  because  of  tbe  absolute  necessity  of 
having  aconstant,  definite,  and  certain  outgo  for  the  liquid.    Nothing 


jbvGooglc 


272  AOSICULTCSE. 

in  tlie  hut  degree  tmcetUin  or  ptemtotu  tux  be  penniUed  in  this 
legud. 

The  experience  of  Mreral  Enropean  eitiee  teeehee  that^  thoagh 
Bpecially  well  edapted  for  manuring  gran,  sewage  eetvea  exeellentlj 
well  for  most  roote,  and  for  vegetables  also,  care  being  taken,  of 
coarae,  not  to  let  any  of  it  come  in  contact  with  their  leerea.  Graaa 
dooa  better  than  any  other  crop,  since  it  continnee  to  grow  through 
BO  large  a  portion  of  the  year,  and  Italian  my-gisae  haa  approTed 
itself  to  be  aupremely  excellent.  Oood  crope  of  it  can  atUl  be  laiaad 
on  land  which  receives  an  enormous  quantity  of  sewage.  This  grass 
admits  of  being  irrigated  almost  constantly  for  some  time,  wbenem 
it  becomes  necessary  to  do  so  in  order  to  dispose  of  the  sewage. 

On  the  English  sswage  farm*  land  beds  niideriaid  with  tile 
diaini  are  provided,  and  the  soil  of  theae  beds  is  aoaked  witii  the 
•ewage  more  or  less  frequently  and  thoroughly.  Aooording  to  one 
Bcconnt,  the  soil  on  which  ray-giass  is  growing  is  soaked,  for  a  few 
honra,  two  or  three  times,  at  intervals  of  a  fortnight  after  the  grass 
has  been  cnt,  the  sewage  being  applied  at  the  rate  of  400  or  600 
tons  to  tbe  acre,  which  is  equivalent  to  a  layer  of  water  abont  i  or 
6  inches  thick.  When  the  field  ia  ^ain  mown,  it  yields  some  10 
to  16  tons  of  grass  to  the  acre.  In  the  cotine  of  tbe  year,  from 
4,000  to  6,000  tons  of  the  liquid  are  applied  to  each  acre  of  land  ; 
0,000  tons  has  been  oommended  as  a  good  annual  application. 

In  the  experiments  of  Lawes  and  Way,  taking  the  average  of 
three  years,  S.OOO  tons  of  sewage  to  the  acre  gave  22^  tons  of  graea 
per  annum,  6,000  tons  gave  30j  tons  of  giasa,  and  9,000  tons  of 
the  sewage  gave  32}  tons  of  grass,  while  a  contiguous  field  not 
sewaged  gave  9j  tons  of  grass  to  the  acre.  In  terms  of  bay,  theoe 
erups  were  5,  5],  6},  and  3  tons  respectively. 

At  Croydon,  in  !&)gland,  eight  cuttii^  of  ta-j-ffiita  are  taken,  the 
first  in  January,  and  the  last  in  December.  Here  the  grass  is  irri- 
gated from  24  to  48  hours  each  week.  Vegetables,  however,  are 
irrigated  not  oftener  than  once  a  fortnight,  end,  if  tbe  season  is  wet,  ^ 
the  watering  is  repeated  only  at  intervals  of  4  or  6  weeks.  Except-  ^ 
ing  ray-graes,  they  would  be  glad  not  to  irrigate  any  crop  within  a 
week  of  the  time  of  hsrveat  In  Wales,  where  the  snmmer  is 
ahorter,  the  fint  crop  of  ray-grass  is  mown  in  April,  and  the  last  in 
November,  four  cuttings  being  obtained  in  alL 

At  Milan,  in  Italy,  sewage  irrigation  and  ordinary  irrigation  are 
•aid  to  overlap  one  another.     Half  tha  land  in  the  neishboriiood  of 
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that  aij  is  kept  oonttnnalljr  ia  graaa.  Thank*  to  the  mild  elimato 
and  to  tbo  wumth  of  the  aewage,  which,  as  it  flows  from  a  cUj,  ia 
alwajB  at  a  terapentue  aboT«  the  freesag  point  of  water,  giasa  can 
be  started  reiy  earl;^  in  the  spring  ty  judicious  flooding,  and  be 
kept  growing  until  late  in  the  autumn.  Piacticallf,  at  Milan  they 
obtain  a  cutting  of  gnus  aboat  a  foot  high  on  the  Ist  of  Febmaiy, 
.  and  as  man^  as  nine  cuttings  in  the  conrse  of  s  year.  A  thorough 
system  of  overflow  exists  for  a  radius  of  about  ten  miles  southward 
and  eastward  of  Uilan.  One  noteworthy  point  in  respect  to  Italian 
inigation  is,  that  the  fanus  are  to-day  extremely  fertile.  Exhaus- 
tion of  the  Und  ia  not  thought  of,  though  the  ait  of  irrigation  haa 
been  in  use  there  erer  since  it  vss  brought  from  the  East  by  the 
CmsadeiB.  As  has  been  said,  the  fields  ate  continually  manured 
with  the  dnng  of  animals  that  hare  been  Csd  with  the  gnss,  the  naa 
(tf  sewage  being  altogether  exceptional  in  Italy. 

Irrigation  ia  peculiarly  applicable  to  gmsi-land,  beeanse  the  sod 
tenda  to  prerent  the  soil  eiUier  from  gullying  or  fh>m  being  pud- 
dled and  sncnuted  by  the  action  of  water.  Pasture-land  may  be 
flowed  freely,  even  when  its  sur&ce  is  rery  steep  and  very  irr^ulor, 
as  ia  seen  in  Switierland ;  but  in  order  that  other  crops  may  ha 
irrigated,  upon  hillsides  at  Isost,  it  is  often  necessary  to  build  tei^ 
races,  ao  that  the  soil  may  be  supported  and  the  water  distrib- 
uted. The  expense  of  these  constructions  is  so  great,  that  they 
are  resorted  to  only  in  hot  climates,  when  irrigation  is  an  absolute 
necessity,  and  when  then  on  no  frosts  of  winter  to  destroy  the 
embonkraenta. 

Svlterrantiwit  Irriffation. 

Am  r^ards  crops  other  than  grass,  then  is  the  trouble  that,  .when 
water  is  repeatedly  put  upon  ploughed  land,  it  tends  to  float  up 
and  puddle  the  finer  particles  of  earth,  which  subsequently,  on 
d^ng,  often  make  the  enrboe  soil  ao  hard  and  stiff  that  the 
growth  of  the  crop  is  hindered ;  even  the  soaking  in  of  new  sup- 
plies of  water  may  be  greatly  delayed.  It  was  probably,  in  port  at 
leaal^  for  the  sake  of  lessening  this  difficulty,  that  trials  wen  made 
in  Qennony  some  yeus  ago,  on  s  tolerably  largo  acale,  of  severnl 
subterranean  systems  of  irrigation.  The  fhndamental  idea  in  each 
cue  was  to  carry  the  irrigating  water  about  beneath  the  surface  of 
the  ground  in  tile  draiiu.  This  method  is  said  to  have  been  fbnud 
luefhl  on  soils  of  &ir  consistency,  though  not  to  he  commended  for 
porons  soils,  snch  as  coane  gmvels.    One  of  its  merits  is,  that  much 


jbvGooglc 


274  AGHICULTURE. 

less  wstOT  ia  needed  than  is  osnallr  expended  in  processes  of  ini^ 
tion.  One  observer  has  stated,  that  not  a  twentieth  part  of  the 
water  used  in  the  old  Bjstom  is  required  for  the  succeeaful  workiug 
of  the  underground  plan. 

It  would  seem  at  first  sight  that  the  expense  of  laying  the  tubes 
in  this  system  must  be  so  great  that  it  could  hardly  be  expected 
ever  to  come  into  general  use,  excepting,  perhaps,  m  a  sanitary  de-  . 
vice  for  disposing  of  sewage.  Bat  it  has  been  claimed,  neverthelesa, 
that  meadows  can  actually,  in  some  instances,  be  laid  out  more 
cheaply  in  this  way  than  by  the  old  plan  of  eearpii^  sinee  the 
water  can  now  be  fitted  to  the  land,  instead  of  fitting  the  land  to 
the  water  as  before.  Land  thus  underlaid  with  tiles  can  never  be- 
come springy  or  stagnant,  because  it  is  drained  by  the  tiles.  The 
land  may  either  be  charged  with  water,  or  water  may  be  discharged 
from  it,  at  will ;  and  all  kinds  of  crops  cnn  be  grown  upon  the  land, 
as  well  as  grass,  either  in  alternation  with  grass,  or  to  the  entire 
exclusion  of  gnus. 

This  underground  inigation  is  extremely  interesting  from  the 
scientific  point  of  view,  since  the  conditions  which  obtain  in  a  field 
thus  irrigated  beneath  the  eurface  must  be  somewhat  similar  to 
those  which  exist  natuntUy  in  fields  where  the  ground-water  stands 
at  the  iiest  level  for  the  growth  of  plants.  Indeed,  it  is  to  be  re- 
garded as  one  great  advantage  of  the  tabes,  thai  they  act  as  drains 
in  the  spring  to  keep  the  land  free  from  any  excess  of  water,  and 
as  conduite  in  summer  to  fill  up  the  store  of  ground-water  when- 
ever the  land  has  become  somewhat  dry.  The  surface  of  the  land 
is  left  smooth  withal,  and  unencumbered  with  ditches,  so  that  it 
can  be  mown  or  cultivated  and  that  cattle  oan  run  upon  it. 

Another  merit  of  the  system  is,  that  far  less  water  is  evi|)onted 
from  the  surfitoe  of  the  giottud  than  must  necessarily  occur  in  ordi- 
nary irrigation.  All  the  heat  that  would  be  expended  in  erapo- 
rating  the  water  is  of  course  left  for  wanning  the  soil 

Doubtless  a  good  deal  of  useful  knowledge  as  r^rds  the  best 
methods  of  dealing  with  ground-water  could  be  airived  at  by  ex- 
perimenting with  this  system  of  subterranean  irrigation,  and  oare- 
fully  studying  its  efficiency  under  varying  circumstances. 

As  regards  the  avoidance  of  puddling  by  the  action  of  the  irri- 
gation water,  that  could  perhaps  be  done  as  cheaply  by  appro- 
priate syateros  of  mulching,  as  by  means  of  the  underground  tnbea. 
Wherever  possible,  it  would  aeem  to  be  best  thoroughly  to  drain  the 
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land  by  means  of  tiles,  and  then  to  iirigste  it  either  upon  the  em- 
lace,  according  to  the  usual  method,  or  according  to  the  newer  phm. 
By  operating  in  this  way,  the  bad  effects  of  "  over  irrigation,"  which 
are  encountered  sometimes  in  hot  conntriea,  might  be  avoided,  at 
least  in  part. 

Over  Irrigaivm, 

A  soil  &oin  which  no  water  ever  drains  away,  and  from  whioh 
water  is  continually  evaporated,  must  sooner  or  later  soffer  from 
over  irrigation,  for  the  conditions  supposed  are  similar  to  those 
which  produce  the  saline  and  alkaline  deserts  and  desert  patches  of 
Utah,  Galifomia,  and  Central  Asia,  where  brooks  have  fur  ages  run 
into  the  valleys  and  plains  there  to  dry  up.  Waters  that  are  slightly 
alkaline  to  begin  with,  though  excellent  for  irrigation  proper,  would 
probably  do  mors  harm  in  such  cases  than  ordinary  water,  since, 
according  to  Hilgard,  the  presence  of  as  much  as  a  quarter  of  one 
per  cent  of  soluble  alkalies  in  a  soil  is  injurious.  Daring  the  wet 
season,  indeed^  little  harm  may  be  done  by  the  alkaline  mattera ; 
but  they  accumulate  at  the  surface  when  the  rains  have  ceased, 
corrode  the  toot-crowns  of  plants,  and  etunt  OF  finally  kill  them. 
If  there  is  more  than  a  quarter  of  a  per  cent  of  tlie  allnli  in  a  soil, 
seeds  are  killed  by  it  during  germination. 

Deereau  of  Irrigatiim  in  CerUral  Europe. 

The  point  has  been  mode,  that  irrigation  was  formerly  more  fre- 
quent in  Central  Europe  than  it  is  now.  One  of  the  chief  difGcul- 
ties  of  the  earlier  &nners,  in  regions  of  light  gravelly  soils,  was  to 
procure  enou{^  fodder  to  keep  their  cattle  through  the  winter. 
Before  the  introduction  of  clover  and  of  tumipe  in  England,  and 
the  practice  of  sowing  English  grasses,  natural  meadows  were  indis- 
pensable ;  and  to  increase  the  crop  of  hay  apon  them,  they  were 
watered  in  the  spring,  in  case  the  season  was  dry,  and  in  the  sum- 
mer also,  after  the  first  mowing.  But  when  tegular  upland  hay- 
fields  and  clover-fields  were  established,  the  need  of  water-meadows 
was  less  keenly  felt,  and  many  of  them  were  abandoned.  One 
reason  for  the  change  was,  doubtless,  that  the  hay  from  watered 
meadows  is  less  highly  esteemed  than  that  from  upland  hay-fields. 
It  sells  for  less  money  in  open  market,  jast  as  the  hay  from  re- 
elaimed  bog-meadows  does  to-dsy.  But  this  objection  is  really  one 
of  no  great  importance,  since  it  has  been  learned  that  a  very  small 
addition  of  oil-cake,  of  gluten-meal,  of  bran  or  malt-sprouts,  or  per- 
haps even  of  corn-meal,  will  make  the  hay  from  watered  meadows 
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u  good  sa  that  trom  nplands.  Thoe  ii  uiother  naaoii  kIso  far 
giving  up  w&ter-meadowe  as  a  eountry  beoomes  popoloua,  and  aa  its 
agriculture  impiovea,  in  that  much  low-lying  good  land  ia  neoded 
tot  growing  roots  and  vegetahlea,  L  a.  crapa  which  are  moie  rema- 
neiative  than  gruss. 

There  is  a  method  of  fertilizing  land,  known  in  England  as  warp- 
ing, which  differs  from  simple  irrigalioa  in  that,  instead  of  the  mat- 
ters dissolved  by  tlie  water,  a  great  quantity  of  mud  ia  deposited 
upon  the  land.  This  method  is  applicable  only  in  special  localitiea, 
as  upon  the  banks  of  the  river  U  umber,  where  the  land  is  low,  and 
where  the  tide  rises  and  fallB  sufficiently  to  admit  of  the  establish- 
ment of  embankments,  and  of  gates  and  sluices,  by  means  of  which 
the  muddy  water  may  ba  brought  upon  the  fields  at  high  tide,  aad 
let  out  again  when  the  tide  is  low. 

When  a  field  ia  thua  flooded,  the  water  Is  left  at  nat  npen  H 
until  the  solid  matter  which  the  water  held  in  enepetinon  baa  beeii 
deposited.  Where  warping  is  praotisad  in  the  low-lying  lands  of 
Lincolnshire  and  Torhshire,  it  often  happens  that  a  layer  of  bhkI 
as  much  as  one  tenth  of  an  indi  in  thicknees  ia  left  from  a  aingle 
flowage.  By  repeating  the  llowii^  often  enough,  it  is  easy  to  ob- 
tun  a  layer  of  excellent  aoil  several  inches,  or  even  eavetal  f^ 
thick.  Iq  aome  of  the  Euglish  localities,  there  is  no  difKcuIty  in 
covering  the  warped  ground  with  a  foot  of  sediment  in  a  aii^le 
aeoson.  Usually,  the  land  is  coveied  from  one  to  three  feet  thidc 
with  the  warp  deposit  in  one,  two,  or  two  and  a  half  years.  Gen- 
eially,  one  such  treatment  is  found  to  be  anfflcient ;  but  aometimea 
the  spongy  moor  subsides  so  much  under  the  weight  of  the  solid 
matter  thus  hud  upon  it,  that  it  needs  to  be  warped  anew  after  a 
f^w  years. 

In  one  sense,  the  process  of  warping  may  be  regarded  as  a  mere 
exaggeration  of  what  is  sometimes  seen  in  nature.  Thus,  the  ove^ 
flow  of  the  river  Kile  is  an  instance  of  warping  upon  a  stupendous 
scaler  only  that  the  Nile  flows  the  land  upon  its  bulks  but  onoe  in 
the  year,  while  in  the  artificial  system  the  flowage  may  he  rapeatad 
with  every  tide  until  finished. 

In  England,  warping  is  so  much  esteemed  that  the  mnddy  water 
has  in  some  instances  been  convsyed  through  channels  to  a  di» 
tutoe  of  several  miles  before  it  is  permitted  to  flow  over  tha  surisca 
of  tha  land.    Tha  process  is  said  to  ba  most  beneficial  on  sandy  and 
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pratr  soUi.    By  meuu  of  it,  large  tnota  of  worthleM  land  bars  faen 
brought  nnder  profitable  cnltiTation. 

The  oompletenen  with  which  the  anepecded  matter  u  somethneo 
depoeited  from  the  muddy  water,  when  ooee  it  has  oome  to  rest,  ia 
tematkable.  The  &ct  depends,  doubtleu,  on  ths  presence  of  some 
•ea-water  in  the  muddy  liquor,  wheiehy  the  suspMided  partioleo  are 
flocculated.  The  English  chemist  Herapath  obeeired,  in  one  in- 
stance, that  a  watei  which  contained  233  gnina  of  aoapended 
matter  to  the  gallon  depoeited  210  grains  during  the  process  of 
warping.  The  deposited  matter  ia  of  oonrse  extremely  fine,  and 
well  fitted  for  the  inpport  of  plants  after  it  has  become  mixed  with 
the  coarser  eand  or  pest  of  the  land  upon  which  it  ia  deposited. 

Between  this  eyatem  of  warping,  taken  in  the  extreme  l'i"E'"*' 
•ease,  whan  the  water  acts  merely  as  a  vehicle  for  bringing  in  and 
distribotiDg  a  great  quantity  of  solid  natter,  and  that  rariety  of 
irrigatioD  which  coosiata  in  flowing  a  grass-field,  or  a  cranbeny 
meadow,  or  a  rioa-fiald,  with  water,  eoneideted  merriy  aa  water, 
there  ia  of  course  every  conceivable  degree  of  variation  aa  regards 
the  eleamesa  of  the  water. 

Flooding  af  MeadotBt. 

The  occasional  flowing  of  graas-land  by  backing  up  water  upon 
it  is  a  common  method  of  irrigation  in  Germany,  especially  in  situa- 
tions where  the  water  supply  is  ptecariona  or  inconstant.  In  this 
•ystem  ths  water  is  left  to  stand  at  rest  on  the  gtass-land  for  a 
longer  or  shorter  interval,  and  then  drawn  off  completely.  The 
fertiUzing  effecto  of  the  water  may  depend  mainly,  if  not  endrely, 
in  this  case,  npon  the  matten  dissolved  in  it  which  an  retained  by 
the  soil. 

This  method  of  flowing  or  innndating  is  held  in  fkr  leM  eataam, 
however,  than  that  in  which  living  water  is  made  to  trickle  over 
the  land.  It  is  worth  noting,  nevertheless,  that,  in  flooding  a 
meadow,  all  the  molee  and  mice  and  worms  and  insecto  which 
happen  to  be  there  will  be  destroyed  and  pnt  ont  of  the  way  of 
doing  harm.  Some  kinds  of  asefbl  plants  will  be  killed  also,  bnt 
so  will  many  kinds  of  weeds.  It  is  easy  to  introduce  good  grassex, 
however,  on  flowed  land,  if  only  time  enough  be  allowed,  especially 
if  pains  are  taken  to  enoonrage  the  desired  kinds.  It  is  to  be  ob- 
MTved,  also,  that  one  year's  irrigation  of  a  natnral  field  may  amount 
to  nothing,  because  the  grasses  upon  it  may  not  be  of  kinds  that 
profit  by  tiia  wetting.     In  the  piactioe  of  irrigation,  botanical  oon- 
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ndeTstioni  are  of  eqwd  impoTtence  with  thoao  which  an  paraly 
chemLcat  oi  mechanical 

The  inteTvale  or  bottom  lands  of  rivers  are  irrigated  natunlly  by 
way  of  flowage,  and  it  often  happens  that  the  process  is  allied  to 
that  of  warping,  inasmuch  as  some  useful  sediment  is  left  upon  the 
land  in  addition  to  the  matters  which  the  soil  or  the  plants  upon  it 
may  absorb  from  the  water.  It  must  not  be  forgotten,  howeTer, 
that  the  crops  upon  these  intervale  lands  profit  also  &om  the  under- 
ground water,  which  even  in  the  driest  seasons  stands  at  a  conve- 
nient height  in  them,  nut  very  far  from  the  surface  of  the  land.  As 
has  been  said  already,  one  advantage  may  be  gained  by  flooding 
meadows  early  in  the  spring,  in  that  the  grass  will  begiii  to  grow 
upon  them  earlier  than  it  would  have  done  otherwise. 

In  the  rice-fields  of  many  countries  the  process  of  flawing  is  often 
dependent  upon  the  ebb  and  flow  of  the  tide  in  the  river  from  which 
water  is  derived,  and  at  certain  seasons,  when  the  water  is  turbid, 
the  process  becomes  one  of  warping  more  or  less  clearly  defined.  In 
the  Italian  rice-fielda,  on  the  contrary,  and  those  of  Central  India 
also,  the  ground  is  divided  into  compartments,  which  rise  one  above 
the  other  in  gradual  enccession  up  to  the  level  of  the  canal  from 
which  the  supply  of  water  is  drawn.  The  water  that  has  been 
used  to  flow  one  flat  is  drawn  oflf  to  flow  the  flat  next  below,  and 
so  on  in  succession  to  the  loweet  part  of  the  field.  In  the  case  of 
this  swamp  plant,  the  mun  object  is  to  give  it  a  thorough  wetting 
rather  than  to  fertilize  it  by  means  of  matters  which  the  water  holds 
dissolved,  as  is  the  case  in  ordinary  irrigation. 

fixation  of  Matter  from  Irrigaiion  Wattr. 

An  interesting  illustration  of  the  power  of  silicates  and  hnmates 
in  the  soil  to  fix  several  of  the  constituents  of  brook-water,  and  of 
the  significance  of  this  fact  as  a  means  of  explaining  certain  observed 
phenomena  which  were  formerly  iuoomprehenaible,  is  afforded  by 
the  following  statement  of  the  distinguished  French  chemist  Mala- 
gutL     It  is  not  very  many  years  since  be  wrote  aa  follows : — 

"It  has  been  noticed  in  England  that  water  which  had  been  used 
to  irrigate  a  meadow  loel  the  half  of  its  chloride  of  sodium  end  of 
ite  bicarbonate  of  lime.  This  observation  is  exceedin^y  curious, 
for  it  reveals  a  mode  of  action  on  the  part  of  the  irrigating  wateir 
that  was  far  from  being  suspected.  It  waa  conceivable  that  th« 
water  with  which  a  field  was  wet  would  be  absorbed  by  the  loote 
of  the  plants,  and  that  it  irould  give  up  to  the  plants  the  substaacee 
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which  it  beld  in  aolatioD.  It  ia  conceivable  also  that  the  carbonate 
of  lime  held  diasolved  in  the  water  by  virtue  of  carbonic  acid  gas 
would  be  deposited  in  part  as  the  gas  exhaled.  But  it  ia  lesK  easjr 
to  comprehend  how  the  water,  in  passing  over  the  field,  can  be  de- 
prived of  a  part  of  its  common  salt.  It  looks,  indeed,  as  if  plants 
were  capable  under  certain  conditions  of  absorbing  a  mach  la^er 
proportion  of  saline  matters  than  has  been  believed  hitherto.  But 
the  fact,  as  above  stated,  explains  perfectly  why  the  waters  uaed  for 
irrigation  lose  their  fertilizing  power  in  proportion  as  their  use  ia 
prolonged.  Practical  men  express  this  &ct  by  saying  that  the 
water  is  '  need  up,'  or  that  it  is  '  tired.' " 

It  is  now  Imown,  of  course,  that,  thanks  to  the  reactions  of  the 
double  silicates  and  hnmates  contained  in  it,  a  soil  may  withdnw 
potash,  magnesia,  ammonia,  and  phosphoric  acid  from  brook-water, 
i.  e.  precisely  those  subatanoes  which  are  moet  needed  aa  food  for 
plants ;  and  that  soda  and  lime  may  be  absorbed  also,  as  in  the  ex- 
periment cited  by  Malagnti,  wbile  they  act  to  set  free  potash  or  some 
other  fertilizing  matter  that  had  previously  been  fixed. 

Moreover,  the  inability  of  the  soil  to  retain  nitrates  explains  bow 
tt  ia  that  water  which  has  flowed  over  rich  ground  may  be  doubly 
valuable,  in  so  far  as  this  particular  constituent  is  concerned,  for 
the  irrigation  of  poor  land.  It  is  known,  too,  that  water  which 
has  been  freely  exposed  to  the  atmospbeie  contains  a  certain  definite 
amount  of  air,  and  that  this  air  in  water  is  much  richer  in  oxygen 
than  atmospheric  air  is.  It  contains,  in  fact,  36%  of  oxygen  by 
volume,  aind  65%  of  nitrogen.  Even  the  air  in  rain-water  and  in 
mehed  snow  has  the  composition  here  stated.  Rain-water  oft«n 
contains,  moreover,  noticeable  quantities  of  peroxide  of  hydrogen. 
But  within  tbesoil  the  oxygen  carried  thither  by  water  will  quickly 
nnite  with  oxidinble  matters  and  be  consumed.  It  follows  that 
such  introduction  of  oxygen  diiealvsd  in  water  is  to  be  classed 
among  the  oansaa  which  work  to  make  irrigation  oaeful 
Waten  that  art  fit  fm-  Uie. 

In  view  of  the  varying  composition  of  natural  waters,  it  is  inevi- 
table that  the  value  of  different  kinds  of  water,  considered  as  fer- 
tilizing agents,  must  vary  exceedingly  aooordiog  to  the  kinds  and 
smonnta  of  matter  which  the  waters  hold  dissolved.  A  good  ex- 
ample of  snch  variation  is  afforded  by  the  experiments  of  Bimer 
and  Lncanna  on  growing  oata,  by  way  of  water  culture,  in  brook 
and  well  water.  Among  other  thinga,  100,000  parts  of  the  waten 
in  question  contained,  — 
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1.54 

0.87 

The  jnn  in  which  the  pknto  wera  grown  were  rechaiged  with 
water  every  week,  one  litre  of  water  being  thtu  aupplied  to  each 
plant.  An  avenge  plant  weighed,  dry,  in  the  caM  of  the  well-water, 
3.9190  grm.  with  1.2490  grm.  of  grain ;  in  that  of  the  brook-water, 
0.3112  grm.  with  0.1087  grm.  of  grain.  That  ia  to  saj.the  develop- 
ment of  the  plants  waa  more  vigorous  in  the  well  than  in  the  brook 
water,  in  consonance  with  the  larger  amount  of  plant-food  that  the 
well-water  contained.  It  has  indeed  always  been  recognized  by 
practical  men  in  all  parts  of  the  world,  that,  while  the  waters  of 
some  streams  are  peculiarly  well  fitted  for  irrigating,  those  of  other 
atmanu  are  lees  Taluable,  or  even  wellnigh  worthlen.  In  cases 
where  thai*  is  a  choice  between  several  streama,  analysis  woold 
quickly  show  which  ia  the  beet  There  are  various  nototal  signs, 
also,  that  are  dwelt  npon  by  agricnltnral  writers.  Thus,  when  a 
bmok  is  well  stocked  with  aquatic  plants,  and  when  the  stones  at  ita 
bottom  are  covered  with  slims  (so  called),  which  is  in  reality  a 
T^etable  growth,  and  when  the  plants  upon  tbe  basks  of  the  brook 
grow  Inzuiiantly,  it  may  safely  be  concluded  that  the  water  is  fit  to 
be  used  for  irrigating,  since  it  must  manifestly  eontaiaftgoodaappl/ 
of  tbe  aubstances  neoeasary  for  tbe  growth  of  plants. 

Other  points  to  be  mentioned  are  the  influence  which  may  be 
exerted  by  water,  and  carbonic  acid  in  tbe  water,  to  disintegrate 
frmments  of  rocks  and  mineials  in  the  soil,  and  the  tendency  of 
moistnre  when  in  presence  of  air  to  cause  bamns  to  decay  with 
improvemMit  of  its  inert  nitrogen.  Evidently,  in  every  aystem 
of  intermittent  Irrigation,  there  must  be  times  and  seasons  when 
tbe  amount  of  moisture  in  the  aoil  will  be  favorable  for  processes 
of  fermentation,  dinnt^ration,  or  nitrification,  as  the  case  may  be. 
Irrigation,  tnth  Liqvid  Manure. 

A  few  words  may  here  be  said  concerning  an  English  method  of 
applying  liquid  manure,  which  excited  much  attention  some  yean 
ago.  The  idea  was,  instead  of  trying  to  absorb  the  liquid  part  of 
animal  excrements  with  straw,  or  leaves,  or  peat,  as  ia  usual,  to  col- 
lect  the  liquid  in  a  cistern,  and  even  to  stir  np  the  solid  dung  with 
water,  and  to  send  the  fluid  to  the  fields  through  iron  pipes,  there 
to  apply  it  by  way  of  irrigation. 
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The  pipM  were  lud  down  m  for  en  oidinaiy  nqnednot,  and  tbe 
(lilut«d  manure  was  nuda  to  flow  tbrongh  tbem  to  tbe  field  nnder 
■nch  a  head  of  preeaure  that  it  could  bs  thrown  at  will  npon  any 
part  of  the  land  by  means  of  boM  attached  to  hydianta  on  the 
pipe.  When  posaible,  the  preaenie  neceasaiy  to  diachaiige  tbe  liqnid 
in  this  way  was  got  by  force  of  graritation,  i.  e.  the  field  to  be  irri- 
gated was  ehoeen  at  a  lerel  Gonsiderafaly  lower  than  that  of  the 
barnyard.  But  since  this  method  would  only  be  practicable  on  a 
hilly  farm,  seTeral  persona  who  adopted  tbe  system  did  not  hesi- 
tate to  aet  up  steam  pumps  to  drlvt  ths  liquid  thiongb  tbe  pipes. 
Among  others,  Mr.  Mechi,  at  Tiptree  Hall,  near  London,  employnl 
•team  in  this  way,  and  continued  to  use  it  until  the  time  of  hia 
death,  in  1880,  while  insisting  that  the  method  was  a  pioiitabla 
one.  His  estate  had  come,  howsver,  to  be  a  sort  of  show  to  be 
visited  by  agrinultural  travellers.  In  this  caae,  the  cattle  were 
kept  npon  a  grating,  through  which  their  excrements  fell  into  a 
tank  of  water.  Sometimes  rape-seed  cake  was  thrown  into  the 
tank,  aa  in  Flanders,  or  some  other  fertilizing  material  was  em- 
ployed to  increase  the  Tslne  of  the  liqnor.  In  any  event,  the 
excrements  were  largely  diluted  with  water  before  the  liqnid  was 
sent  out  through  the  pipes. 

In  a  climate  so  mild  as  that  of  England,  it  might  bs  poadble  in 
this  way  to  apply  all  tbe  manure  to  tbe  land  in  the  fresh  condition, 
and  BO  avoid  tbe  waste  of  nitiogen  which  is  inevitable  when  mnssni 
of  dat^;,  and  especially  urine,  are  allowed  to  accumulate  and  tm- 
de^  dertructive  fermentation. 

In  cases  where  la^  numbeis  of  oowa  are  maintained  npon 
wateiy  food,  anch  aa  green  cut  clover  or  distillery  slop,  and  wherp, 
consequently,  much  liquid  manure  u  produced  naturally,  it  might 
be  specially  advantageous  to  send  ibie  product  immediately  to  the 
fields  as  a  means  of  saving  it.  Such  maases  of  liquid  manure  are 
notoriously  difficult  to  manage.  They  are  not  readily  to  he  stored, 
and  the  material  is  one  specially  apt  to  run  to  waste,  and  to  spoil 
rspidly  when  kept.  Some  years  ago,  a  German  writer  called  atten- 
tion to  the  &ct,  that  the  moat  fovorable  condition  fbr  adopting  thia 
system  of  irrigation  would  be  a  milk  brm  based  on  potato  slop, 
roots,  and  green  fodder.  For,  in  this  esse,  a  large  proportion  of  tbe 
manure  will  ba  produced  in  the  liqnid  form,  and  no  atiaw  will  be 
at  band  to  abaorb  tbe  liquid.  The  crops,  moreover,  are  of  kinds 
that  will  bear  forcing. 
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Many  Urge-vtty  fiirraen  in  Europe,  recof^izing  the  great  value 
of  liquid  manure  and  the  imposaibility  of  keeping  it,  are  accus- 
tomed to  distribute  some  of  it,  properly  difuted,  upon  grass-land,  oi 
to  help  forward  a  backward  graiu  crop  in  the  earlier  stagea  of  its 
growth.  For  this  purpose,  the  liquid  is  carried  out  in  great  casks 
set  upon  wheels,  similar  to  the  watering-carts  employed  to  lay  the 
dust  in  cities.  Sometimes  it  is  used  also,  as  in  Flandeis,  to  force 
gross-fseding  crops,  like  tobacco  or  cabbages. 

Failure  of  the  Pipe  Syitem. 

After  thorough  trial,  continued  in  several  inatanoes  through  a 
long  series  of  yeora,  the  elaborate  English  experiments  have  prscti- 
oally  been  given  up,  and  the  idea  of  manuring  a  whole  &na  in  this 
way,  or  anything  more  than  some  fevorably  situated  field,  ia  now 
esteemed  to  be  an  impracticable  notion. 

The  trouble  lies  in  the  original  cost  of  establishing  the  systam  of 
pipes  and  the  pumping  apparatus.  Professor  Anderson  has  cou- 
trasted  the  cost  of  distributing  the  liquid  manure  at  Mr.  Mechi's 
farm  with  that  of  applying  an  equivalent  quantity  of  guano,  as 
follows.  About  60,000  gallons  of  liquid  were  applied  to  the  acre, 
at  a  coet  of  4  cents  per  ton.  This  quantity  of  the  liquid  contained 
about  39  lb.  of  ammonia,  or  as  much,  perhaps,  as  2  cwt.  of  guano. 
But  the  guano,  plus  the  expense  of  spreading,  coat  in  1860  from 
t7  to  $8  per  acre,  while  the  costofdistributii^  the  liquid  was  more 
than  $9  per  acre. 

The  liquid  manure  was  not  found  to  be  so  generally  applicable  aa 
guano,  in  the  English  practice.  It  answered  an  excellent  purpose, 
however,  upon  grass,  —  particularly  upon  Italian  ray-grass, — and 
did  tolerably  well  with  the  other  fon^^  crops.  In  dry  aeaaons,  es- 
pecially, the  crops  succeeded  admirably,  —  the  very  years,  of  couns, 
when  the  products  were  most  valuable.  So  too,  in  early  spring  an 
abundant  growth  of  grass  could  be  started  at  the  very  time  when 
the  winter's  store  of  turnips  and  other  food  was  beginning  to  be 
exhausted. 

With  grain  crops  the  good  ofiects  of  the  liquid  manure  were  much 
less  marked,  and  on  the  whole  it  was  found  to  be  not  so  well  fitted 
for  the  general  requirements  of  the  farm  as  solid  manure.  From 
the  first,  it  was  recognized  in  England  that  liquid  manure  cannot 
be  applied  with  advantage  to  all  kinds  of  soils.  It  ia  not  at  all 
fitted,  for  example,  for  nee  upon  heavy  olays. 

Evidently  a  modification  of  the  English  system  might  sometimes 
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be  adopted.  Thus,  in  cose  there  was  only  a  modente  fall  between 
the  baniyard  and  the  field  to  be  irrigated,  the  liquid  manure  might 
still  be  made  to  flow  by  force  of  gravity  into  a  tank  in  the  field, 
Tvhence  it  could  be  thrown  about  in  all  directions  by  means  of  a 
force-pump  or  a  garden  engine,  or  it  might  be  distributed  with 
buckets.  For  an  arrangement  such  as  this,  bored  logs  might  be 
substituted  for  the  iron  pipes,  in  some  localities. 

It  is  conceivable  that,  with  inexpenBive  apparatus  such  as  this,  it 
may  sometimes  be  advantageous  to  set  apart  a  single  field  to  receive 
the  excess  of  liquid  manure  from  the  barnyard  snd  the  kitchen  sink 
in  cases  where  tobacco  can  be  grown,  or  merchantable  vegetables, 
or  perhaps  even  in  cases  where  fodder  com  could  be  forced  for  feed- 
ing cows.  Many  a  small  sloping  field  might  be  well  manured  bj 
occasionally  pumping,  with  steam  or  horse  power,  the  contents  of  a 
barnyard  cistern  into  an  open  ditch  or  ditches  running  across  the 
field.  Either  this  work  would  be  done  at  a  time  of  rain,  or  the 
original  liquid  manure  would  be  diluted  with  much  water,  as  in  all 
such  cases  of  dowage.  The  diluted  dung  liquor  of  the  English  plan 
was  a  very  difi'erent  and  a  much  weaker  product  than  barnyard 
liquor  or  than  urine. 

A  remarkable  mixed  system  of  manuring  and  watering  has  been 
practised  in  Belgium  in  a  sandy  region  known  as  the  Oampine. 
The  system  consisted  in  irrigating  the  barren  grass-land  with  canal- 
water  during  the  autnmn,  and  again  in  the  spring  until  April,  when 
the  grass  was  gone  over  with  a  stiff  brush  barrow,  and  a  dressing  of 
100  lb.  of  guano  to  the  acra  was  applied  to  it.  After  the  application 
of  the  gnano,  the  supply  of  water  is  shut  off  for  a  fortnight,  and  sub- 
eequently  the  water  is  only  let  on  occasionally  during  the  growth  of 
the  grass,  i.  e.  as  often  as  the  ground  becomes  somewhat  dry.  Since 
the  ground  lies  low,  and  is  full  of  ditches,  there  is  no  need  of  fra- 
quent  irrigatioi).  After  the  grass  has  been  mown,  another  dressing 
of  26  lb.  gnano  to  the  acre  is  applied. 
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CHAPTER  XV. 


Tn  qneition  how  best  to  dispose  of  the  sev^  of  cities  is  oas 
of  great  general  interetit  imd  importaace,  concerning  which  much 
might  be  said.  Indeed,  few  questions  relating  to  agriculture  have 
been  moie  freqnentlj  discnss«d  in  Teceiit  years  than  this  one,  and 
upon  none  haTe  discordant  viewe  been  urged  more  emphatically. 

It  hu  become  customary  and  fashionable  for  magazine  writeis  to 
bewail  the  wasteful  habits  of  civilized  men,  and  to  lament  the  vant 
quantities  of  fertilizing  materials  which,  as  they  say,  are  unnecasaa- 
rily  lost  to  agriculture  when  sewers  ate  made  to  fluw  into  the  sea; 
and  a  great  variety  of  people  have  joined  in  this  cry,  from  Baron 
Liebig  in  the  scientific  journals  to  Victor  Hugo  in  his  novels.  The 
matter  has  been  discussed  from  many  points  of  view,  moreover.  To 
some  minds  the  question  presents  itself  as  one  of  conscience  or 
morality,  for  others  it  is  a  question  of  political  economy,  while  to 
many  persons  it  is  a  matter  of  sentiment  pure  and  simple.  Pew,  if 
any,  practical  farmers  have  been  able  to  perceive  that  the  question 
has  any  general  or  important  bearing  upon  agriculture. 

In  reality,  the  problem  how  to  dispose  of  the  sewage  of  a  city 
is  simply  a  sanitary  question.  First  and  last,  the  subject  relatea 
to  the  health  and  comfort  of  the  citizens;  and  it  needs  to  be 
clearly  understood  that  neither  agriculture  nor  political  economy 
has  any  concern  as  to  what  shall  be  done  with  the  filth  of  cities, 
nntil  ^  sanitary  requirements  have  been  fulfilled,  effectively  and 
economically. 

A  single  sentence,  quoted  almost  at  random,  will  show  the  general 
drift  of  the  sentimental  feeling  just  now  referred  to.  It  was  writ- 
ten some  years  since,  as  expressing  the  views  of  the  famous  Garmaa 
chemist  Liebig,  whose  eloquence  and  enthusiasm  often  enough  car- 
ried him  far  beyond  the  bounds  of  sense  and  sobriety, 

"England,''  he  exclaims,  "is  robbing  all  other  countries  of  the  condi- 
tions of  their  fertility.  Already,  in  her  eogemeps  for  bones,  the  has 
turned  up  the  battle-fielila  of  Leipsie,  of  Waterloo,  and  of  the  Crimea  ; 
already  from  the  catacombs  of  Sicily  rhe  ha»  carried  awav  the  aVeletons 
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of  maiij  geneMtioni  of  meti.  Annualljr  she  removM  from  the  thorn  of 
other  countries  to  her  own  the  monurul  equivalent  of  thie«  million*  and 
•  half  of  men  ;  «he  takea  from  us  the  meatu  of  supporting  them,  and 
aqnandera  it  down  her  lewen  to  the  sea.  Like  a,  vuupire  she  hangi 
npon  the  neck  of  Surope,  —  usj,  of  tha  entire  world,  —  and  sacks  the 
hesrt-blood  from  nations,  without  a  thought  of  justice  toward  them,  — 
without  a  shadow  of  lasting  advantage  foi  herself." 

"  It  is  impossible,"  he  goes  on  to  sa^,  "  that  such  iniquitous  interfar- 
ence  with  the  Divine  ordtir  of  the  world  should  escape  its  rightful  pun- 
ishment ;  and  this  maj,  perhaps,  orertake  England  even  SMmar  than  the 
countries  she  lobs^  Host  aasure«Uj  a  time  awaits  her  when  all  her  licbe* 
of  gold,  iron,  and  coal  will  be  inadequate  to  buy  back  a  thousandth 
pait  of  the  conditions  of  life  which  for  centuries  she  has  wantonlj  squao- 
deicd  away." 

Gcnaidered  aa  a  men  matter  of  nasoning,  the  fallacy  of  such 
talk  as  this  can  easily  be  shown;  but  the  feeling  or  sentiment 
which  the  citation  iUustrfttes  ia  endowed  with  perennial  vigor,  and 
can  probably  Dever  be  composed. 

It  is  true,  no  doubt,  that,  as  a  result  of  tbe  circulation  of  plu»- 
phoric  acid,  of  potash,  of  nitrogen,  Ume,  etc,  out  of  the  earth  throng 
plants  and  animals  to  man,  enormous  qnantitiea  of  these  matters  do 
go  to  waste  under  the  existing  conditions  of  eiviliied  life,  particu- 
lariy  wheiever  Urge  numben  of  men  aie  congr^ated.  It  is  true, 
moreover,  that  it  is  easy  to  conceive  of  a  closed  and  oloae  circuit,  as 
it  wera,  in  which  these  eleraenta  of  plant-food  should  be  returned 
from  nun  directly  to  the  soil  whence  they  were  originally  derived  ; 
and  there  is  seen,  in  fact,  in  China,  Japan,  and  Belgium,  a  tolerably 
close  realization  in  pt%ctice  of  this  theoretical  conception.  But,  to 
say  nothing  for  the  moment  of  the  enormous  risks  to  health  which 
lurk  in  human  excrements,  it  is  also  true  tliat  every  farmer,  in 
these  days  of  safe  and  easy  communication,  at  least  every  farmer 
who  lives  .within  the  limit  of  influence  of  a  great  city,  or  within 
reach  of  isilways  or  steamboats,  has  tbe  whole  world  from  which 
to  diaw  his  supplies  of  rannure.  He  can  get  tlie  phosphoric  acid 
needed  by  his  crops  ftom  Spun,  Canada,  Norway,  and  Spitzbergen, 
from  the  copiolite  beds  of  England,  France,  and  Germany,  oi  from 
the  pboqthatic  deposits  of  the  Carolina!  and  tbe  Caribbean  Sea. 
Nitrogen  be  can  hare  in  abundance  from  the  gas-works  of  cities 
and  from  coke  furnaces,  from  the  nitre  beds  of  Peru,  and  from  the 
Tefuse  of  fish,  flesh,  and  oily  aeeda;  while  of  potash  then  is  an 
inezhaostiUe  store  at  Stasefiut. 
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Commereial  FertUueri  belter  than  Satage. 

So  long  aa  the  supply  of  artificial  fertilizers  remaiaB  abaadaut, 
the  former  ia  virtually  indepeiideRt  of  the  sew^e  of  his  city.  In- 
deed, he  cannot  afford  to  think  of  using  the  sewage,  unleaa  it  can 
be  supplied  to  biin  at  leaa  cost  of  money  and  labor  than  would 
suffioe  to  bring  to  him  a  conesponding  supjdy  of  fartiliieis  from 
abroad. 

Weakneu  hf  Sewage. 

A  ton  of  aewage,  ench  as  is  produced  in  European  cities  that  are 
provided  with  aqueducts  and  wate^clo8ets,  ordinarily  contains  soma 
2  or  3  lb.  of  total  dry  matter.  In  American  cities  the  amount  of 
dry  matter  in  sewage  ia  still  lower.  Pro£  W.  R.  Nichols  found 
loss  tlian  2  lb.  of  it  to  more  than  1,998  lb.  of  water  in  Boston  sew- 
age in  1672 ;  and  aboat  1  lb.  to  the  ton  in  the  sewage  of  Worcester, 
UasBoohu  setts. 

With  regard  to  the  variations  which  may  occur  in  sewage  from 
week  to  week,  accordingly  as  the  weather  is  or  is  not  runy,  Lawes 
and  Gilbert  have  made  the  following  statement  of  the  highest  and 
lowest  number  of  pounds  (avoirdupois)  of  total  dry  matter  found  in 
the  long  ton  of  Rugby  sewage. 

MTbIb,  S4T«te.  UTmIi, 

aprl].1B31,to  N.iv.,  IMl,  to  Not..  IBU,  to 

Not.,  IMl.  Oct,  ]a«3.  Oc[,1g03. 

lATgeat  smoiiiit      ....         6.93  4.11  3.84 

fimallcst  stnoUDt    ....         1.30  1.63  l.M 

Meuu 3.41  3.57  8.S0 

The  amount  of  matter  actually  in  solution  in  the  Rugby  sew- 
age, and  of  that  in  suspension  also,  will  appear  ttova  the  following 
table,  which  givea  the  mean  results  of  all  the  (93)  analyses  above 
mentioned,  in  pounds  (avoirdupois),  in  a  long  ton  of  English 
sewage. 

IMuohtd     Biupnidsd         Total 
HiHsr.  MitbiT.      Drjlbtttr. 

Organic a.2ifl  0.603  0.870 

Inorganic 1.146  0,7TS  1.9S4 

Sum 1.423  l.aBI  a.BOS 

In  3,000  lb.  BoitDQ  nwage     .     .  1.170  0.747  I.B28 

In  2,000  lb.  Worcaatar  lengB     .  0.S07  0.4SS  a9SI> 

In  2,000  lb.  Berlin  stxrBgs      .     .  1.S7S  0.103  1.680 

In  2,000  lb.  Dsnlzic  sewivge  .  .  1.366  1.164  2.G80 
In  2,0n0  lb.  of  semge,  sT«rag«  of 

»  EnglUh  toirnt 1.444  O.SM  2.SS8 
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Of  the  fertiliziDg  matten  Id  sewage,  the  nitrogen  compoiiDda 
lue  by  far  tha  moat  important,  but  the  amount  of  .them  ia  veiy 
email.  More  or  lesa  of  the  nitrogen  will  naturally  be  in  the 
form  of  urea,  or  of  ammonia,  according  as  the  sew^e  ia  fresh  oi 
old.  In  any  event,  moreover,  a  considerable  part  of  tha  nitrogen 
will  always  be  in  the  form  of  inert  organio  compounds  other  than 
nrea. 

Letbeby  giras  the  average  amohnt  of  nitrogen  in  the  sewage  of 
English  towns  as  0.178  lb.  to  the  too.  Lawea  and  Gilbert  have 
noted  that  the  avera^  of  many  anal^es  of  London  sewage  gives 
0.206  lb.  of  ammonia  to  the  ton ;  as  the  mean  of  93  analyses  of 
Rugby  sewage,  they  found  0.185  lb.  of  ammonia  to  the  ton.  The 
average  of  SO  English  towns  ia  said  to  be  0.155  lb.  of  total  nitn^n 
to  the  ton  of  aewoge.  In  this  case  ammonia  was  given  as  0.134  lb., 
and  0.041  lb.  of  the  nitrogen  was  said  to  be  in  organic  combination. 
Traces  of  nitiatea  are  commonly  observed. 

The  sewage  of  Dantzic,  in  Germany,  is  said  to  carry  0.13  lb.  of 
total  nitrogen  to  the  ton,  0.023  lb.  being  in  organic  combination. 
The  amonnt  of  ammonia  is  stated  as  0.129  lb.  to  the  ton.  In 
Boston  and  Worcester  sew^e  Nichols  found  0.094  lb.  and  0.036  lb. 
of  ammonia,  respectively,  beside  traces  of  nitrates. 

As  for  phosphoric  acid,  0.034,  0.032,  0.007,  and  0.003  lb.  of  it 
to  the  ton  of  sewage  has  been  found  in  Boaton,  Berlin,  Worcester, 
and  Dantzio,  respectively.  Letheby  puts  it  as  high  as  0.045  lb.  for 
the  average  of  English  towns ;  and  potash  he  rates  at  0.048  lb.  to 
the  ton  of  sewage. 

From  data  such  as  these  it  has  been  estimated  that  the  sewage 
of  English  cities  may  contain  in  every  ton  from  1  to  4  cents'  worth 
of  fertilizing  matters. 

A  ton  of  the  Boston  sewage  above  mentioned  may  perhaps  have 
contained  ff  cent's  worth  of  plant-food  ;  or,  speaking  more  precisely, 
400,000  parts  of  this  sewage  contained  some  11  parts  of  ammonia 
and  nitrates,  which  is  about  as  much  as  would  be  contained  in 
100  lb.  of  really  good  Peruvian  guano,  and  lees  than  7  porta  of 
phosphoric  acid,  or  little  more  than  half  as  much  as  the  100  lb. 
of  goano  would  contain.  Since  the  sewers  of  a  city  carry  off  vast 
quantities  of  rain-water,  as  well  as  oil  the  water  that  is  delivered 
by  hoQse-drains,  it  is  evident  that  in  regions  where  the  laiufall  is 
large,  as  well  as  in  cities  that  are  abuudantly  supplied  with  aquo- 
dnct  water,  the  sewage  will  be  spedally  wortbleaa. 
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Id  some  AmeiicBJi  eities  the  averse  eonaumptioa  of  water  fur 
each  individual  inhabitant  amounts  to  100  gallonB  or  moie  dnily  ; 
and,  in  ao  for  aa  concenu  the  preeent  argument,  it  ia  no  matter  tl^t 
niuob  of  thia  water  ia  "  wasted,"  for  piacticallf  a  very'laige  part  of 
it  goes  into  the  leweis,  to  the  gieat  advant^e  of  the  public  health 
it  ahould  be  aaid.  Since  the  avenge  ninikll  and  the  average  water 
anpply  in  American  citiee  are  about  twice  as  large  aa  in  most  Eng- 
lish and  Qenuan  tvwns,  Amerioan  aewage  will  natuiall;  be  more 
dihite  than  that  of  Europe. 

Tie  eoonontc  ArffuntaU  agaiiut  ifanuriuff  leith  Sewage. 

To  illuatrate  the  poverty  of  sewage  in  respect  to  fertilizing  ingre- 
dients. It  may  be  urged,  as  a  eelf-«videut  propositian,  that  any  man 
would  bo  foolish  if,  wishing  to  apply  lime  to  his  fields,  he  should 
insist  on  doing  so  through  the  intervention  of  sewage,  although 
sewage  does  contaiu  a  certain  small  proportion  of  Ume  compounda. 
Way,  for  example,  found  &om  0.01  to  0.07  lb.  of  lime  to  the  ton 
in  London  sewage.  In  point  of  fact,  when  the  farmer  wants  lime 
he  buys  it  for  a  song  iu  the  shape  of  qnicklime  or  of  leached  ashes, 
or  iu  the  form  of  waste  lime  from  soap-  or  gaa-work%  or  as  gypsum 
even,  and  takes  no  further  trouble.  But  in  precisely  the  same  way 
be  can  buy  phoaphoric  acid  and  nitrogeo  and  potash,  as  well  as 
lime ;  and  by  the  simplest  rules  of  business  he  ia  bound  to  obtain 
these  things  wherevar  they  can  be  had  at  the  beat  advantage. 

As  Professor  Anderson  suggested  long  ago,  it  would  be  about  aa 
nasonable  to  «cpect  the  farmeia  to  manure  their  land  with  the 
smoke  of  cities  aa  with  sewage ;  for,  iu>  every  one  knows,  enormous 
quantities  of  ammonia  must  be  lost  in  the  aggr^ate  from  cities 
where  domeetio  fires  ore  fed  with  soft  ooaL  But  precisely  as  it  ia 
with  smoke,  so  is  it  with  sewage ;  that  is  to  say,  the  fluid  ia  bo  vety 
dilate  that  it  cannot  be  put  to  use. 

The  geologist  David  Fotbee  also,  in  replying  to  calcnlations 
based  upon  the  assumption  that  the  excremeuts  of  each  inhabitant 
of  a  city  repreaent  a  value  of  seveial  dollaia  a  year,  argued  tliat 
it  would  be  equally  correct  to  maintain  that  a  barrel  of  water  into 
which  a  bottle  of  luondy  had  been  pouied  would  be  worth  as  much 
as  the  original  brandy.  Most  of  the  alcohol  could  indeed  be  re- 
covered  from  the  water  by  distillation,  but  at  a  ooet  far  greater  than 
its  value ;  and  so  it  has  proved  to  be  with  sewage  whenever  attempts 
have  been  made  to  extnct  the  fertilizing  matters  that  are  contained 
in  it 
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No  matter  how  freely  it  may  be  admitted  tliat  immense  quanti- 
ties  of  plant-food  are  carried  out  from  a  city  every  year  through  the 
eewers,  it  remains  none  the  lees  true  that  these  fertiliziiig  matters 
are  carried  out  in  a  atata  of  euch  extreme  dilution  that  it  is  idle  to 
talk  of  recovering  any  of  them  economically  in  the  present  condi- 
tions of  labor  and  commeice,  or  of  utilizing  the  sewage  in  any 
way  excepting  in  some  rare  localities,  as  at  Edinboigfa  and  Milan, 
where  circumstances  permit  of  its  being  applied  directly  for  pur- 
poses of  irrigation. 

There  are  many  other  familiar  instances  of  valuable  matters  to 
be  found  at  om  very  doors,  so  diluted  that  they  aie  not  worth  the 
cost  of  collecting  or  saving.  From  the  experiments  of  Eckfeldt  and 
Dubois  of  the  United  States  Mint  at  Philadelphia,  it  appears  that 
beneath  the  paved  portion  of  that  city  there  b  an  extensive  bed  of 
clay  which  contains  a  pound  of  gold  for  every  1,224,000  lb.  of  clay. 
In  every  cart-load  of  clay  hauled  out  in  excavating  the  cellare  of 
Philadelphia  there  is  concealed  as  much  gold  as  would  be  sufficient 
to  pay  for  the  carting.  If  the  bricks  that  front  the  houses  in  that 
city  could  have  their  contents  of  gold  brought  to  the  surface  in  the 
form  of  gold-leaf,  there  would  be  a  glittering  patch  of  two  square 
inches  upon  every  brick. 

In  that  portion  of  the  clay  bed  that  lies  beneath  the  streets  and 
houses  of  Philadelphia  there  are  eome  126  millions  of  dollars'  worth 
of  gold,  and  it  ia  safe  to  assume  that  there  are  eight  times  as  much 
of  the  clay  within  the  corporate  limits  of  the  city.  But,  excepting 
oa  a  matter  of  scientific  interest,  no  one  has  ever  dreamed  of  ex- 
tracting gold  from  the  Philadelphia  clay.  It  would  be  folly  to 
think  of  extracting  it  so  long  as  gold  can  be  got  with  inRnitcly  leas 
trouble  from  places  where  it  is  more  abundant.  Of  course  here, 
as  everywhere  else,  the  cost  of  getting  the  thing  depends  on  the 
amount  of  labor  that  must  be  expended  ;  and,  in  the  present  condi- 
tion of  things,  labor  can  be  expended  to  so  much  better  advantage 
in  ten  thousand  other  ways  that  no  one  can  afford  to  extract  this 
gold. 

Some  old  gold  washings  on  the  river  Rhine  aSord  an  analogona 
example.  Certain  gold-beariug  sands  occur  there  which  carry  bii 
much  gold  tliat  it  is  almost,  bat  not  quite,  worth  while  to  work  for 
it  in  ordinary  seasons.  Bnt  in  times  when  the  price  of  labor  has 
been  exceptionally  low,  that  ia  to  say,  when,  from  the  partial  failure 
of  crops,  there  was  nnasually  little  work  to  be  done,  and  theie  were 
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more  laborerB  in  the  i^ioti  than  conld  find  occupation,  it  bos  hap- 
pened that  the  anemployed  mea  have  tnraed  thek  attention  to  gold 
washing,  and  hare  in  that  yr»y  made  ehiil  to  keep  bodj  and  soul 
together.  Something  aimilar  is  seen  at  many  exhausted  gold  wash- 
ings ia  California,  where,  in  anticipation  of  special  holidays,  or  the 
advent  of  some  woodering  show,  the  village  boys  are  accustomed  to 
wash  oat  gold  dost  enough  bom  the  waste  gravel  to  enable  them 
fully  to  eqjoy  the  occasioa 

There  is  no  need,  however,  to  go  outside  the  domiun  of  agricnltufe 
to  seek  for  such  examples.  So  long  as  there  is  inert  nitrogen  in 
cool,  &om  which  ammonia  might  be  had  at  no  very  great  cost  if  we 
cared  to  extract  i^  it  is  idle  to  talk  of  the  "  irreparable  "  waste  of 
nitrogen  in  sewage.  Such  talk  was  simply  foolish  so  long  as  the 
gases  distilled  from  coke  fnrnaces  were  permitted  to  escape  an- 
ofaecked  into  the  air,  as  they  are  indeed  even  now  in  many  places. 
It  is  safe  to  say,  for  that  matter,  that  when  there  ia  no  more  fish- 
scrap  to  be  bad  from  the  sea,  and  that  when  the  stock  of  nitrogen 
in  peat  is  exhausted,  then  the  ammonia  from  coke  fumsces  wilt  he 
collected  sverywhera  with  scmpulons  care,  and  that  obtaiaahle  from 
leather  scrap  also.  Such  sources  of  ammonia  as  these  will  undoubt- 
edly take  precedence  of  the  nitrogen  in  sewage. 

So,  too,  when  the  mine  at  Stassfnrt  shall  perchauoe  show  signs 
of  failing,  there  will  still  be,  as  before,  anlimtted  supplies  of  potash 
in  the  gm&itic  rocks  which  are  found  pretty  generally  diffused  on 
the  &ce  of  the  earth ;  and  it  will  undoubtedly  be  found  more  con- 
venient then,  SB  now,  to  extract  potash  &om  such  rocks,  than  to  got 
it  out  of  sewage.  It  will  undoubtedly  be  found  still  cheaper  then, 
as  now,  to  let  plants  get  the  potash  out  of  the  rocks,  and  then  take 
it  from  the  pUuits,  as  has  been  the  custom  hitherto. 

How  was  it  with  respect  to  potash  formerly,  before  the  discov- 
ery of  the  Stassfurt  minel  Why,  it  was  actually  at  one  time  an 
agricultural  product ;  i.  e.  it  was  a  crop,  in  the  strictest  sense  of  the 
word;  and  it  is  so  still  perhaps  in  some  placee,  though  the  working 
of  the  Stassfurt  mine,  which  upon  the  whole  has  been  a  great  boon 
to  agricaUnre,  has  interfered  very  decidedly  with  the  tolerably 
large  class  of  husbandmen  who  depended  for  their  livelihood  upon 
the  making  of  potashes. 

Wood  is  so  abundant  and  unmerchantable  in  several  thinly  pop- 
ulated oonntries,  as  at  the  North  of  Europe  as  well  as  in  some  parts 
of  Canada  and  of  our  own  country,  that  the  only  way  of  deriving 
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profit  bom  it  w«  to  bura  it  solely  for  the  sake  of  tba  ufaes.  The 
nme  lemaik  vu  true  formerly  of  straw  snd  weeds  in  some  parts  of 
Kussia,  and  it  was  true  also  at  one  time  of  brushwood  and  the  trim- 
uiiigs  of  Ic^  in  Germany,  fbi  potashe*  were  a  highly  important 
product  pnvious  to  the  iorention  of  an  economic  process  for  mak- 
ing soda  ash  from  common  salt,  and  the  substitution  of  this  sJluli 
for  the  more  eostly  potash  compound. 

There  can  be  no  question  as  to  the  propriety  of  the  old  costom 
of  burning  wood  merely  for  the  sake  of  its  potash  in  those  compar- 
atively speaking  inaccessible  places  which  were  nnSt  for  the  more 
profitable  operations  of  agriculture.  It  is  a  simple  question  of  get- 
ting an  honest  living  as  easily  as  possible.  In  sonw  places  cotton 
is  the  proper  crop,  in  some  wheals  in  others  com,  in  some  hay,  and 
in  others  potash.  This  is  all  that  can  be  said  about  it ;  and  so  long 
as  potash  can  be  had  in  this  way  more  cheaply  and  conveniently 
than  it  can  be  had  &om  human  excrements,  it  is  truly  absurd  to 
lament  the  sending  of  sewage  potash  to  the  sea.  In  the  case  of  the 
forest  wood  the  continual  disintegration  of  the  soil  keeps  up  a 
•affident  supply  of  potash,  bo  that  the  potash  husbandry  now  in 
question  m^ht  be  carried  on  for  an  indefinite  period.  The  idea  of 
completely  exhausting  a  soU  in  this  way  is  not  to  be  entertained, 
since  the  supply  of  wood  is  prsctically  unlimited,  and  the  potash 
fanner  must  of  necessity  allow  as  much  time  as  is  required  for  the 
new  wood  to  grow. 

It  has  been  calculated  that  a  single  cubic  foot  of  feldspar  is 
sufficient  to  supply  an  oak  wood  covering  a  surface  ot  26,910  square 
feet  with  potash  for  five  years.  As  has  been  said  before,  it  is  cus- 
tomary in  the  vicinity  of  Boston  to  take  repeated  crops  of  hard 
wood  from  poor  gravelly  soils  every  16,  or  20,  or  30  years,  and  there 
is  not  the  least  prospect  of  the  soils  becoming  exhaoeted.  Thera 
are  withal  several  other  large  deposits  of  potash  known  in  the  world 
beside  the  one  at  Stassfart.  The  Dead  Sea  also  is  capable  of  sup- 
plying enormous  quantities  of  potash  salts,  as  weU  as  of  chloride  of 
sodium. 

The  risk  that  the  present  abundant  enppliea  of  phosphoric  acid 
may  give  out  is  hardly  any  greater  than  the  risk  that  nitrogen  or 
potash  may  foil  Several  important  depo«ts  of  phosphates  have 
been  discovered  in  recent  years,  and  large  quantities  of  impure  phos- 
phates, not  rich  enough  to  be  mined  at  present  prices,  are  known  to 
exist    Twenty  or  tbir^  yean  ago  greater  oneaaiaeaa  was  felt  in 
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respect  to  the  continuance  of  abundant  supplies  of  phoepliatea  than 
vould  now  be  justified.  Indeed,  the  price  of  phoaphoric  acid,  which 
lose  decidedly  ehortly  iJtet  the  middle  of  this  century,  now  tends  to 
remain  tolenbly  conetant  and  moderate,  in  spite  of  the  enormously 
increased  use  of  phosphatic  fertilisers. 

The  discovery  of  the  rook  phosphates  of  South  Carolina  and  of 
the  apatite  of  Canada  has  undoubtedly  had  a  very  great  influence 
in  checking  the  rise  in  price  of  all  kinds  of  phosphates.  Moreover, 
there  are  enormous  masses  of  phosphates  in  Spain,  and  in  many 
other  localities,  ^vhich,  though  still  mther  inaccessible,  will  doubt- 
less be  drawn  upon  more  freely  in  times  of  future  need.  Nowa- 
days some  small  quantities  of  phosphateti  are  Tecovered  in  the 
form  of  fish  and  flesh  scrap,  and  in  wood  ashes,  and  it  may  perhaps 
be  true  that,  if  worse  came  to  worst,  merchantable  supplies  of  phos- 
phoric acid  might  be  had  from  these  things  more  conveniently  than 
from  sewage. 

Meanwhile,  it  is  a  highly  interesting  fact,  that  at  the  South  Car- 
olina phosphate  beds  the  laborers  dig  no  deejier  than  ten  feet  from 
the  surface  of  the  land.  So  long  as  the  price  obtainable  for  the 
mineral  is  no  higher  than  it  is  now,  it  does  not  pay  to  dig  for  it 
any  deeper  than  ten  feet,  uulc^  the  nodules  happen  to  be  of  veiy 
superior  quality.     (Penrose.) 

It  is  consoling  to  reflect,  withal,  that  in  case  the  supply  of  min- 
eral phosphates  should  give  out  some  day,  and  it  should  then  be 
found  impracticable  to  get  enoui^h  phosphoric  acid  from  fish  and 
from  sea  and  land  plants,  there  would  still  be  the  city  flith  to  &I1 
back  upon.  For  it  is  a  peculiarity  of  the  case,  which  some  writers 
seem  to  have  overlooked,  that  just  as  much  of  phosphoric  acid  and 
of  the  other  fertilizers  will  be  excreted  in  the  future  as  now,  so  long 
as  men  are  constituted  as  they  are,  and  so  long  as  they  are  as  welt 
fed.  Whenever  it  shall  be  found  advantageous  to  begin  to  save 
these  matters,  posterity  will  be  in  no  single  jtarticular  less  favorably 
situated  for  doing  so  than  we  are  now. 

Manifestly,  then,  it  is  the  part  of  wisdom  to  have  the  fertility  of 
farms  kept  up  by  means  of  manures  that  have  been  obtained  in  the 
most  economical  manner  possible,  no  matter  whence  these  manures 
have  been  derived.  It  will  be  time  enough  to  begin  to  utilize 
sewage  and  night-soil  when  circumstances  shall  indicate  the  econ- 
omy of  so  doing.  There  is  need,  meanwhile,  that  every  instructed 
person  should  do  what  he  con  towards  discountenancing  the  absurd 
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view  that  ths  sewage  of  cities  "  belongs "  to  the  land.  This  ide* 
has  done  infinite  harm  already,  by  hindering  municipal  aatboritiee 
from  establiahing  proper  systems  of  sewage,  such  as  the  health  of 
the  inhabitants  dsmanda.  It  would  be  well,  withal,  for  every 
one  to  understand  that,  when  the  farmers  really  want  the  filth  of 
cities,  they  will  find  means  of  getting  it  They  will  speedily  toka 
measiues  for  informing  the  citizens  of  their  desires. 
"  Watte  "  of  Fertiluert  by  Rivera. 

There  are  other  considerations  besides  those  just  now  niged 
which  go  to  show  the  absurdity  of  the  cry  that  the  great  cities  ate 
wasting  the  fat  of  the  earth  through  their  sewers  into  the  sea.  Look 
at  all  the  rivers  in  the  world.  What  goes  to  waste  through  them  1 
Consider  the  enpplyof  phosphoric  acid  from  which  wild  plants  get 
what  they  need.  It  comes  manifestly  from  the  decomposition  of 
rocks  by  the  action  of  carbonic  acid,  air,  and  water,  and  other  chem- 
ical agents.  But  beside  going  into  plants,  some  part  of  theee  highly 
dilate  solutions  of  phosphoric  acid,  and  of  the  other  elements  of 
plant  food  as  well,  are  all  the  white  slowly  leaching  out  of  the  soil 
into  the  brooks  and  rivers,  and  so  into  the  sea.  The  mere  fact  that 
aquatic  plants  grow  in  the  waten  shows  the  pnsence  of  phosphoric 
acid  there  plainly  enongh. 

It  is  true,  of  course,  that  the  absorptive  power  of  the  soil  works 
against  the  escape  of  phosphoric  acid  from  the  land,  but  it  is 
powerless  to  prevent  it  eatirely.  This  waste  goes  on  incessantly 
by  day  and  by  night,  as  it  has  gone  on  since  the  beginning  of  time, 
and  the  aggregate  amount  of  material  thus  transported  by  even  a 
single  one  of  the  large  lirers  must  be  simply  stupendous. 

Perhaps  there  is  more  phosphoric  acid  thrown  out  in  this  way 
natumlly  into  the  sea  in  a  single  day  than  would  be  discharged  in 
a  century  by  all  the  sewers  in  the  world.  So,  too,  with  nitrogen. 
Bonseingault  has  shown  that  the  river  Rhine  carries  to  sea  every 
day  an  amount  of  nitric  acid  equivalent  to  220  tons  of  saltpetre. 
The  Seine  carries  out  270  tons,  and  the  Nile  1,100  tons. 

It  needs  no  careful  calculation  to  show  that  the  amounts  of  phos- 
phoric acid  and  of  nitrates  carried  off  artificially  in  the  sewers  mnat 
be  wellnigh  insignificant,  in  comparison  with  that  which  goes  to  sea 
naturally  every  hour,  through  rivers  all  over  the  globe.  Precisely 
in  the  same  sense  that  it  wonld  be  foolish  to  try  to  collect  these 
fertilizers  from  the  river  water  in  oases  where  they  could  be  had  st 
leas  cost  from  sew^;e,  so  is  it  foolish  to  think  of  getting  them  from 


jbvGooglc 


294  AOBTCCTLTDBE. 

Hvrage  when  thvf  can  be  got  at  atiU  better  advantage  from  fith  and 
sea  plante,  and  from  minerala  token  from  the  eaith. 

Harlacher  and  Braiteulahnei  have  drawn  up  an  intenating  st»t» 
ment  aa  to  the  amounts  of  inorganic  pUnt-fixKl  that  are  earned  out 
of  Bohemia  every  jeax  in  the  watei  of  the  river  £lbe.  All  the 
brooks  and  rivers  of  Bohemia  flow  into  the  Elba,  and  it  was  a  com- 
paratively easy  matter  to  analyse  the  wster  of  this  river  lepeatadly, 
and  to  determine  the  rate  and  amount  of  its  flow ;  since  there  were 
72  Btatioiis  for  lain-gaoges  in  the  country,  the  avenge  lainfidl  was 
well  known.  It  appeared  that  only  about  one  fourth  of  the  yeariy 
rainAdl  in  Bohemia  flowed  out  throagh  the  river.  The  other  throe 
foaitbs  either  evaporate  into  the  air  ia  variona  ways,  or  soak  out  oC 
tbe  conntiy  as  groand  water.  Actually  five  billion  cubic  metras 
of  water  flow  past  the  town  of  Lobositi  in  a  year,  and  this  water 
contains,  in  terms  of  millions  of  kilograms :  — 

SdUd.  ViMlla.  ToU. 

DiMolvvd  Dwtten 401.SS        117-25        fllS.M 

en il3.10  42.8d        4S5.eS 


S11.7S        1S0.10        &7i.8S 
Uoreover,  the  five  billion  cubic  metres  of  water  contain  tbe 
following  amounta  of  ash  ingredients,  stated  lo  terms  of  millions  o£ 
kilograms. 


lime 14S  114.60         11S.S8 

HignecU 1.44  22.00  S3.44 

Pota^ 20.38  2E.1S  4g.lS 

Soda 46S  2&I6  a8.0a 

ChloridBofaodiam 21.10  21.10 

fiolphnricacid 0.2S  S7.SS  tS.IS 

PhM^loric  add 1.25  trace.  ].2t 

80.28  249.05  279.88 

That  is  to  eay,  69%  of  dissolved,  and  11%  of  suspended  mattera. 
Since  a  kilogram  is  equal  to  2.2  lb.,  it  appears  that  of  phoephorio 
acid  alone  2}  miUifms  of  ponada  are  carried  off  every  year  ia  ths 
river  water. 

Modem  Improvmattt. 
It  is  idle  to  assert,  as  has  been  done  far  too  often,  that  the  sew- 
age of  a  city  like  London  carriea  away  every  year  several  milliona 
of  dollars'  worth  of  fertiliring  material^  ao  long  aa  the  stubborn 
fact  remains  that  very  laige  amounts  in  terms  of  life  also,  as  well 
as  in  terms  of  treasure,  would  have  to  be  expended  ia  order  to 
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coUsct  the  fertilizing  matters  and  bring  them  into  forms  ariulable 
for  agricultural  aae.  From  the  sanitary  point  of  new,  nothing  can 
be  more  important  for  the  health  of  the  citi^ene  than  that  all  excre- 
roental  matteis  shall  be  sent  oat  of  town  aa  speedily  as  may  bo 
possible.  Ajid  the  best  means  yet  invented  for  accomplishing  this 
purpose  is  to  float  them  out  in  a  great  volume  of  water. 

Instead  of  the  stagnant  and  leaky  vaults  and  cesspools  of  former 
days,  quiok-flowing  drains  have  been  substituted,  in  which  the 
£ltb  is  still  further  diluted  with  all  the  water  that  is  used  in  the 
city,  and  much  of  that  which  Mis  ss  rain.  This  last  may  either 
enter  the  sewetH  throogh  the  sluiceways  in  the  streets,  or  it  may 
■oak  in  through  cracks  as  ground-water,  muoh  in  the  same  way  that 
ground-water  enters  an  agricultural  drain. 

With  the  introduction  of  the  wate>cloeet  and  the  establishment 
of  sewers  proper  for  its  use,  all  stagnant  collections  of  putrescent 
matter  in  and  about  bouses  may  be  done  away  with.  By  means  of 
the  swift  gush  of  water  in  the  doset,  the  filtit,  while  still  fresh,  is 
washed  out  of  the  house  into  the  street  sewer,  while  the  gases  of 
the  sewer  are  (or  ongbt  to  be)  prevented  from  passing  hack  into  the 
house  by  means  of  a  column  of  water,  the  so-called  trap,  held  perma- 
nently in  the  pipe  which  leads  to  the  sewer.  If  the  sewer  have 
proper  air  vents,  so  that  there  shall  he  no  undue  pressure  upon  the 
trap,  the  house  is  safe ;  that  is  to  say,  it  is  safe  if  the  plumbers 
have  done  their  work  properiy,  and  have  not  led  a  parcel  of  other 
pipes  from  bath-tubs  and  wash-basins  into  the  water-closet  trap. 

It  is  manifest  that  seweis  and  water«losets  must  have  very 
great  merit  as  means  for  cleaning  cities,  if  only  there  can  be  found 
ontaide  the  city  some  place  where  the  contents  of  the  sewers  may 
be  discharged  without  harm.  Wherever  the  sea  is  within  reach,  or 
a  great  river,  the  sewage  will  natursJly  he  discharged  into  it,  with 
proper  precautions,  and  so  happily  be  got  rid  oE^  Sut  with  respect 
to  inland  cities  the  problem  is  far  less  simple,  and  many  difficulties 
have  been  encountered  in  disposing  of  the  sewage  of  such  places 
ever  since  the  use  of  water-closets  has  become  customsiy.  Seweie 
cannot  long  be  permitted  to  flow  into  small  rivets,  since  the  water 
is  Botfa  polluted,  and  made  extremely  o&ensive,  and  even  dangerous 
to  health.  Hence  many  efforts  have  been  mads  to  purify  sewage, 
either  by  means  of  filters  or  by  chemical  predpitants,  by  irrigation, 
or  by  soakoge. 
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Purification  of  Stteage  bg  Percolation. 

Of  the  seTeral  pltiDS  &boTe  meutioaed,  the  last  named  bas  ap- 
proved itself  to  be  commonlj  the  best  and  the  cbeapesL  It  is  evi- 
dently more  generally  applicable  than  either  of  the  other  metboda. 
Mere  "  filters,"  i.  e.  filter-beds,  whether  of  sand,  gravel,  or  charcoal. 
such  as  are  used  for  clarifying  river-water,  are  of  very  little  use  in 
respect  to  sewage.  They  soon  become  closed  and  impervious  to 
the  passage  of  the  liquid,  and  even  at  the  first  they  only  stop  the 
suspended  mod,  but  not  the  matters  that  are  actually  dissolved  in 
the  ivater.  To  bring  about  the  fixation  of  odors,  coloring  matters, 
and  dissolved  organic  matters,  to  say  nothing  of  ammonia  and 
phosphates,  the  sewage  neeils  to  come  into  contact  with  great 
masses  of  earth,  as  when  it  is  made  to  soak  into  a  field. 

As  regards  "  germs,"  and  microscopic  organbms  of  whatever 
name,  which  may  be  contained  in  the  sewage,  many  of  them  will 
be  etrained  out  mechanically  by  the  earth,  as  by  any  close  filter ; 
and  some  of  them  will  be  destroyed,  no  doubt,  in  the  earth,  by 
the  ordinary  microdemes  which  are  contained  in  it,  especially 
in  the  upper  layers.  It  is  not  improbable  that  some  of  the  most 
dangerous  germs,  such  as  might  infect  or  poison  drinking-water  by 
making  it  a  vehicle  for  the  transmission  of  specific  diseases,  oiay  be 
killed  in  this  way  by  the  organisms  naturally  present  in  moist  earth 
and  in  other  decaying  organic  matters. 

Intermittent  Filtration, 

It  is  a  well-known  fact,  that,  when  earth  which  has  been  soaked 
and  saturated  with  sewage  is  exposed  to  the  &ee  action  of  air, 
many  of  the  matters  which  have  been  absorbed  by  the  earth  are 
oxidized  and  destroyed.  Undoubtedly,  this  destruction  depends 
largely,  perhaps  chiefly,  on  fenneutations  due  to  the  presence  of 
microscopic  organisms  in  the  earth,  which  require  acceae  to  air  in 
order  to  their  best  action.  Hence  the  value  of  "  intennitteut  filtra- 
tion," i.  e.  of  aHernately  soaking  and  aerating  the  eoil.  Practically, 
a  number  of  acres  of  loose  and  open  soil  are  underlaid  with  tils 
drains,  at  a  depth  of  6  or  8  or  10  or  12  feet,  and  the  sew^e  is 
made  to  soak  at  intervals  through  one  or  another  part  of  the  field. 
The  idea  is,  that  the  whole  of  the  foul  liquid  shall  soak  dowilt  into 
and  through  the  soil,  instead  of  flowing  over  it  in  good  part,  aa 
happens  in  ordinary  irrigation. 

One  instance  has  been  reported,  for  example,  where  the  sewage 
from  a  town  of  40,000  inhabitants  was  disposed  of  on  a  field  of 
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20  actes,  which  had  been  divided  into  four  plots  of  equal  size.  .The 
Mwaga  naa  made  to  flow  upon  each  of  the  plots  for  6  hours  at  a 
time,  and  the  land  was  then  left  at  lest  for  18  hours  for  aeration. 
Before  coming  to  the  land,  the  sewage  passes  through  a  strainer  to 
remove  the  coarser  suspended  matters,  and  is  then  either  made 
to  flow  out  upon  the  eurface  of  the  laud,  or  through  drain  tiles  con- 
cealed beneath  the  enrface.  Sometimes  ray-grass  has  been  grown 
OD  the  sur&cB  of  such  filtering  Gelds,  and  this  grafis  has  been  fouad 
capable  of  supporting  enormous  quantities  of  sewage  in  such  situa- 
tions. 

In  the  instance  here  cited,  the  Boil  was  a  light  loam  upon  a  deep 
grarelly  subaoiL  Under  such  conditions,  it  is  said  that  the  iiltrate 
from  the  sewage  flows  out  from  the  land  to  all  appearance  as  clear 
and  clean  as  ground-water  usually  is.  Since  only  a  comparatively 
small  area  of  land  is  needed  for  putting  this  aystem  in  practice,  it 
possesses  an  enormous  advant^e  over  methoils  in  which  the  sewage 
is  purified  by  methods  of  irrigation  properly  so  called.  It  has  been 
claimed  that  Home  soils  can  clarify  sewage  in  this  way  at  the  rate 
of  100,000  gallons  to  the  acre  per  diem. 

That  mere  continuoua  percolation  of  sewage  through  earth  may 
often  be  inefiective  as  a  means  of  removing  or  destroying  disease 
germs,  ia  evident  enongh  from  experience  relating  to  the  infection  of 
well-waters  by  leaky  cesspoola.  In  such  cases  the  sewage  has  com- 
monly flowed  laterally  through  a  non-aerated  subsoil. 
Purification  of  Sewage  by  Fermentt. 

The  influence  of  microdemea  in  purifying  sewage  is  so  distinct 
and  important,  that  Alexander  MtlUer  has  sought  to  aystematize  it 
and  put  it  to  practical  use.  He  has  devised  a  process,  specially  ap- 
plicable no  doubt  to  caaea  where  no  very  large  amounts  of  liquid 
have  to  be  dealt  with,  whicli  seems  well  adapted  for  purifying  the 
drain-water  from  a  country  bouse,  or  that  from  certain  factories,  as 
those  where  beet  sugar  is  made.  The  idea  is  simply  to  foeter,  or 
even  cultivate  systematically  in  the  sewage,  oi^nisms  which  shall 
feed  upon  the  matters  which  might  become  offensive  or  dangerous 
if  they  were  left  to  tbemaelves.  To  this  end,  care  must  be  taken  to 
make  the  sewage  neutral ;  to  maintain  it  at  a  suitable  temperature, 
i.  e.  to  prevent  it  from  cooling  unduly ;  and  to  provide  a  complete 
supply  of  food  for  the  desired  organisms,  by  adding  to  the  liquid, 
if  need  be,  euch  asb  ingredients  as  may  be  required  to  supplement 
those  already  contained  in  it    The  original  intention  was  to  "  seed  " 
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the  eemge  bj  adding  to  it  a  qTiantity  of  the  choBen  fermeiit,  mitch 
in  the  same  way  that  yeast  is  used  in  btead-mokiug ;  but  pncticallf 
it  has  been  fonnd  tliat,  during  aainmer  at  least,  Uiis  particalai  step 
ia  nnnecesaary,  sines  an  abundant  sapplj  of  germs  fall  into  the 
liquid  fram  the  air,  and  develop  there  freely  if  it  is  in  a  fit  condition 
for  tb^  support. 

Ptirifj/iMff  Pouer  of  Bartk. 

It  is  of  intersat  to  note  that  the  power  of  the  snr&ca  taik  to  ab- 
sorb, and  hold,  and  destroy  fonl  odors  has  really  be«i  put  to  use  by 
men  from  the  earliest  times,  and  that  the  modem  application  of  it 
to  a  matter  so  dilate  as  sew^  ia  a  mere  modification  of  the  metiiod 
of  burying  which  has  so  long  been  customary.  Natoially  enough, 
difiuant  kinds  of  soils  vary  considetably  in  respect  to  th»r  power 
of  purifying  sewage.  But  it  has  been  noticed  in  England,  that  even 
"  slow  soaluge  through  a  few  feet  of  gravel  destroys  more  organic 
matter  thaa  does  a  flow  of  many  miles  in  the  Thamee."  For  that 
matter,  it  is  now  reoc^ized  tlut  the  natural  purification  of  river- 
water,  after  sewage  has  beeo  mixed  vrith  i^  is  a  much  slower  jnooeas 
than  was  formerly  supposed. 

From  experiments  mads  by  the'  English  Commisaionen,  it  ap- 
peared, that,  while  a  soil  from  Duisley  that  contained  18%  (^  oxida 
of  iron  and  43%  of  silica  purified  sewage  at  the  rate  of  9.9  gallons 
per  cubic  yard  per  day,  few  aoils  oould  ba  found  so  good  as  this.  A 
soil  that  will  puriiy  8  gallons  per  cubic  yard  per  day  wcmld  be  re- 
garded as  excellent.  In  case  the  field  carried  tile  diains  at  a  depth 
of  6  feet,  there  would  be  9,680  cubic  yards  of  filtering  material  to 
the  acre;  and  at  8  gallons  to  the  yard,  the  acre  would  purify  77,140 
gallons.  The  Commiasionera  held  that  in  bying  out  a  filtering 
field  there  should  be  allowed  one  cubic  yard  of  soil  for  6^  gallons  of 
sewage.  They  found  that  under  these  conditions  the  organic  carbon 
in  100,000  parts  of  sewage  was  reduced  from  4.386  parts  to  0.734 
part,  and  the  organic  nitrogen  from  2.484  to  0.108,  and  that  the 
whole  of  the  suspended  matter  was  removed.  Kitratea  and  niteitea 
were  found  in  the  effluent  water,  though  not  detected  in  the  eewaga 
previous  to  filtration.  Of  other  soils  experimented  upon,  one  from 
Beddington  purified  sswsge  at  the  rate  of  7.6  gallons  per  cubic  yard 
per  day,  and  exhibited  a  remarkable  power  of  nitrifioation.  But 
on  doubling  the  amount  of  sew^e,  nitrification  ceased,  and  the  soil 
became  clogged.  A  soil  from  Hambrook  pnrified  no  more  than  4.4 
gallons  per  day,  one  from  Barking  3.8  gallons,  and  peat  4  gslloua. 
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In  so  lar  M  nitrification  is  concerned,  Alexandet  M^et  has  no- 
ticed that,  when  temperature  and  other  conditionB  are  &TDTable,  the 
ammonia  in  diluted  urine  changes  rapidly  to  Ditiatee,  but  that  a 
diluted  mixture  of  urine  and  solid  excrement  is  much  leas  subject 
to  nitrifiuatioa,  perhaps  because  some  of  the  offensive  products  of 
the  putrefoction  of  fteces  ma;  be  inimical  to  the  life  of  the  ferment. 
This  observation  goes  &r  to  explain  s  fiict  which  has  often  been 
noticed ;  viz.  that  the  waters  of  brooks  into  which  mere  urine  has 
been  pouted  clarify  theoiselvea  much  more  quickly  than  do  those 
which  have  received  a  qoantity  of  night«oU. 

Purification  by  Irrigation. 

As  has  been  aaid  already  (p^e  267),  it  occasionally  happens  that 
Bew^e  may  be  usefully  applied  far  porposee  of  irrigation,  particu- 
larly where  waste  laud  lies  near  at  hand,  and  there  are  no  neigbbota 
to  iuoonveniouce.  The  process  has  undoubted  merit,  when  circom- 
stances  permit  of  its  being  applied  with  economy. 

What  has  just  been  aaid  of  the  purification  of  aewage  by  filtra- 
tion through  earth  will  indicate,  iu  some  measure,  both  the  merits 
and  the  limitations  of  the  syetem  of  irrigation ;  for  in  one  sense  the 
latter  ia  little  more  than  a  vague  and  incomplete  process  of  filtra- 
tion, though  it  is  true,  no  doubt,  that,  iu  addition  to  the  action  of 
the  soil  and  the  air,  the  grass  or  other  crop  on  the  irrigated  land, 
and  the  microdemes  which  live  there,  exert  a  powerful  purifying 
influence. 

Even  when  nothing  more  is  done  to  foul  sewage  than  to  make  it 
flow  over  a  mere  grass  field,  as  at  Edinburgh,  many  of  its  impuri- 
ties will  soak  into  the  earth,  or  be  absorbed  by  the  plant  roots,  or 
be  destroyed  by  the  microdemee  in  and  upoo  the  soil,  and  the 
liquid  will  be  purified  in  a  corresponding  degree.  But  when,  as 
happens  in  the  beet  mod^n  practice,  the  land  is  specially  prepared 
beforehand  for  the  irrigation,  by  laying  down  frequent  tile  drains 
throughout  its  length  and  breadth,  it  becomes  a  filtering  field  of 
considerable  efficiency,  through  which  large  quantities  of  water  must 
necessarily  flow. 

PerooiatuM  dttaper  than  Irrigation. 

Considered  aa  devices  for  purifying  sewage,  filtering  fields  are 
superior  to  irrigated  fields,  merely  because  an  acre  of  land  arranged 
for  intermittent  filtration  is  competent  to  clarify  a  much  larger 
quantity  of  sewage  than  can  be  clarified  by  an  acre  of  irrigated 
land.     The  first  thing  to  be  considflred  always  is  the  complete  puri- 


jbvGooglc 


300  AGBICULTUEB. 

fication  of  the  aewage,  at  (second)  the  lowest  possible  coet.  But 
the  ayatein  of  in-igation  always  requices  much  laud,  ia  order  that 
purification  ma;  be  complete ;  and  the  presence  of  crops  upon  the 
laud  other  thau  ray-grasa  is  ia  some  measure  antagonistic  to  the 
free  application  of  the  sewage.  That  is  to  say,  unless  an  extrava- 
gantly large  area  of  laud  was  available,  strict  justice  would  require 
the  sewage  to  be  put  upon  the  fields  at  times  when  it  could  do  no 
good  to  the  crops,  aad  even  when  it  would  be  certain  to  harm  them. 
Herein  lies  an  evident  danger,  since  the  grower  of  the  crops  might 
sometimes  wish  to  faror  them  at  the  risk  of  slighting  bis  fiiet  duty 
of  thoroughly  purifying  the  sewage. 

Both  in  establishing  farms  of  irrigation  and  fields  for  filtration, 
it  is  essential  that  the  engineers  should  take  care  that  neighboring 
fields  and  Birms  ars  not  drowned  out  by  the  ground-water  which 
soaks  out  iiom  the  irrigated  land,  or  which  may  be  backed  up  be- 
hind it,  as  it  were,  through  disturbance  of  the  original  course  of 
percolation  of  the  waters  natural  to  the  soil  and  the  locality. 
Amount  of  Land  required  to  darify  Sewage. 

It  has  frequently  been  argued  in  England  that,  in  order  to  dis- 
pose of  sewage  by  way  of  irrigation,  there  will  be  required  one  acrs 
of  land,  i.  e.  a  square  70  yards  to  the  side,  for  every  100  peraons, 
and  that  tbe  acre  woidd  purify  2,000  gallons  of  sewage  per  diem. 
Others  have  held  that  one  acre  will  be  needed  for  160  persons, 
thot^h  on  one  of  the  most  successful  sewage  farms  in  England  there 
is  BQ  acre  of  laud  for  the  sew^e  of  60  persons. 

Tbe  ailment  in  favor  of  the  number  100  appears  to  depend 
upon  the  dicta  of  men  of  experience,  that  an  annual  application  of 
6,000  tons  of  sewage  to  the  acre  gives  the  best  practical  results.  !u 
any  event,  this  matter  must  be  largely  influenced  by  the  climate, 
the  character  of  the  soil,  and  the  amount  of  the  rainfall,  in  any 
given  locality.  Thus,  on  the  sand  dunes  at  Dantzic,  one  acre  ie 
deemed  to  be  sufiicieut  for  purifying  the  sew^e  of  600  persons ; 
and  at  Berlin,  750  acres  are  thought  to  be  competent  to  deal  with 
the  sewage  of  the  whole  population,  7SO,000,  though  the  purifica- 
tion of  the  water  there  is  far  from  being  complete.  More  land  will 
naturally  be  required  to  purify  crude  sewage  than  would  be  needed 
in  case  the  sewage  is  fiist  subjected  to  a  process  of  treatment  for 
removing  the  suspended  mstters,  for  the  liquor  thus  clarified  will 
be  much  less  apt  than  the  original  sewage  to  clog  the  soil  and  silt 
up  its  potes.    At  an  irrigation  &nn  at  Barking,  there  were  applied 
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during  one  year  622,324  tone  of  sevage  to  almost  163  acna,  i.  e. 
about  3,800  tons  to  the  acre.  Duriug  another  year  the  arer^e 
quantity  was  3,342  tonii  to  the  acre.  On  the  most  porous  part  of 
the  farm  as  much  as  960  tons  have  been  applied  in  twelve  hours. 

On  the  basis  that  an  acre  of  land  is  needed  for  each  100  of  popu- 
lation, Walhice  calculated,  in  1831,  that  fulJ;  10  square  miles  of 
land  would  be  required  in  order  to  dispose  of  the  sewage  of  Glas- 
gow and  its  immediate  suburbs  by  way  of  irrigation  ;  or  some  12 
square  miles,  if  the  neighboring  burghs  were  included. 
Precipitation  wUh  Ckemiealt. 

Many  attempts  have  been  made  to  purify  sewage  by  addiI^;  to  it 
chemical  substances  which  should  precipitate  one  or  another  of  its 
conatitaents,  and  it  was  thought  at  one  time  that  some  matters  of 
agricultural  value  might  perhaps  be  saved  from  the  sewage  in  this 
way.  But  nowadays  the  most  that  is  hoped  for  is  that  the  foul 
Uquid  may  be  sufficiently  clarified  by  the  chemicals  to  permit  of  its 
being  allowed  to  flow  into  brooks,  or  small  rivers,  with  a  minimum 
of  filtration  through  earth. 

As  baa  been  shown  under  the  head  of  iiigbt-soil,  no  system  of 
evaporating  sewage  to  save  the  whole  of  the  fertiliring  matters,  or 
of  distilling  it  to  save  ammonia,  can  be  thought  of,  because  of  their 
coat.  But  there  are  aeveral  methods,  which  depend  on  the  use  of 
precipitants  that  have  been  found  to  possess  some  slight  practical 
merit,  though  none  of  them  have  fulfilled  the  expectations  of  their 
inventors.  It  baa  been  found  possible,  for  example,  to  clarify  by 
means  of  precipitants  small  quantities  of  sewage,  such  as  might 
come  from  a  prison,  or  a  hospital,  and  it  is  practicable  also  to  purify 
in  thb  way  waste  liquors  from  various  kinds  of  mana&cturiug  es- 
tablishments. But  none  of  the  chemical  methods  have  proved  com- 
petent to  deal  with  great  masses  of  sewage,  such  as  are  ponied  out 
from  a  large  city,  except,  indeed,  that  precipitation  may  sometimes 
serve  as  an  ameliomnt,  or  useful  forerunner,  to  take  out  a  good  part 
of  the  impurities  of  the  sewage,  and  so  prepare  it  for  subsequent 
thorough  purification  by  processes  of  filtration  through  earth,  or  of 
irrigation. 

One  difficulty  is,  that  sU  processes  of  precipitation  are  rather 
costly  to  begin  with,  since  a  considerable  outlay  has  to  be  made  on 
account  of  the  establishment  in  which  the  sewage  is  manipulated; 
the  work  needs  to  be  done  carefnlly  and  with  intelligence,  and  at 
the  best  it  is  no  easy  matter  to  avoid  stenches  which  are  highly 
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offensive  to  the  nwghborbood.  Tben  is  k  eomtant  ontUy,  uore- 
OV6I,  tot  chemicals,  and  no  proper  oat^  can  be  found  for  the  pro- 
ducts of  the  precipitation,  which  collect  as  black  muds,  or  sludges, 
of  very  slight  agricultural  value. 

Oeneiallj  speaking  sewage  thus  clarified  by  obemicala  still  needs 
to  be  filtered  through  earth  before  it  can  be  turned  into  streams 
whose  water  is  employed  for  domestic  purposes ;  thougli,  as  com- 
pared with  the  original  sewage,  the  clarified  liquor  needs  but  little 
filtration,  and  in  many  places  it  can  be  discharged  without  any  fil- 
tration at  all.  Several  of  the  methods  depending  on  precipitation 
are  both  interesting  and  instructive  from  the  chemical  point  of 
view,  as  may  be  seen  from  the  following  statements  concerning 
them. 

T/U  Lims  Proeeu. 

On  mixing  a  small  quantity  of  milk  of  lime  with  sewage,  as  it 
flows  out  itom  a  city,  a  light,  floccolent  precipitate  forms;  and  on 
allowing  the  mixture  to  stand  for  several  hours  in  a  settling  tank, 
the  precipitate  will  subside  and  carry  down  with  it  all  the  insoluble 
matters  that  were  suspended  in  the  sewage,  together  with  about  one 
quarter  of  the  matters  that  were  held  in  solution  in  the  sewage. 
Hot  only  is  some  phosphoric  acid  thus  thrown  down,  bat  soluble 
nitrogenised  organic  matters  olsa 

The  action  of  the  lime  depends  in  part,  no  doubt,  on  its  power  of 
ooagnlating  or  flocculating  the  matters  suspended  in  the  sewage,  in 
the  manner  explained  under  the  heads  of  Lime  and  Tillage.  But  it 
is  also  true  that  the  lime  combines  with  dissolved  organic  matters 
to  form  insoluble  compounds,  which  envelop  and  entangle  the  finely 
divided  suspended  particles  as  they  cohere  and  subside  with  them 
to  form  a  solt,  black  mud  of  latber  unpleasant  odor.  Meanwhile, 
more  or  less  ammonia  gas  is  set  free  by  the  action  of  tbe  lime  on 
ammonium  salts  in  the  sewage,  and  this  ammonia  acts  as  a  vehicle 
to  carry  noxious  odors  into  the  air. 

With  r^pird  to  the  union  of  lime  with  the  soluble  organic  com- 
pounds,  it  would  appear  that  the  reaction  is  similar  to  that  which 
ocoura  in  the  clarification  of  the  juices  of  the  sugar-cane  and  beet- 
root, when  lime  is  made  to  combine  with  the  analogous  substances 
which  are  contained  in  those  juicee.  However  this  may  be,  it  is 
certain  that  the  insoluble  compounds  that  are  produced  when  lime 
18  added  to  sewage  form  a  sort  of  network,  which,  in  slowly  sink- 
ii^  to  the  bottom  of  the  tank,  envelope  and  carries  down  with  it 
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nost  of  the  poiiidM  of  solid  matter  which  wtm  contained  in  the 
■ewage,  >o  that  the  liquor  is  left  tolerably  dear,  and  fit  to  be  run  off 
into  a  river  that  is  large  enough  to  admit  of  the  liquids  being 
Speedily  mixed  vith  a  great  excess  of  water. 

In  spite  of  its  appeoianoe,  the  dear  liqnid  is  in  reality  &r  &om 
being  pure.  It  still  contama  some  sulphuretted  hydrogen,  and  so 
large  a  proportion  of  dissolved  organic  matters  that  it  speedily  ft:r- 
ments  when  left  to  iteelf,  and  becomes  highly  offensive.  It  needs 
to  be  diluted  at  once  with  a  great  volume  of  flowing  water,  or  to  be 
purified  by  filtration  through  eaith,  or  by  irrigation.  It  has  not 
been  fonnd  practicable  to  help  mattere  much  by  adding  chemical 
disinfectants  to  this  liqnid. 

Many  difficulties  have  been  encountered  in  England  in  trying 
to  dbpose  of  the  sludge,  i.  e.  the  muddy  praoipitate  which  results 
from  the  addition  of  lime  to  sewage.  It  contains  a  considerable 
quantity  of  sulphide  of  calcium,  which  decompoees  readily  during 
the  process  of  drying,  with  evolution  of  sulphuretted  hydrogen. 
When  spread  upon  the  surface  of  the  luid,  the  peculiar  character  of 
the  mud  so  hindered  it  iiom  drying  in  that  moist  climate,  that 
several  months  were  required  in  onlei  that  it  should  become  diy 
enough  to  be  moved.  Meanwhile,  very  unpleasant  odors  arose  from 
the  field  in  case  the  collection  of  mud  was  at  all  large. 

According  to  Wallace,  at  Leicester,  where  a  population  of  120,000 
yields  7,000,000  gallons  of  sew^a  per  diem,  from  20  to  30  cwt.  of 
lime  are  used  for  every  million  gallons  of  the  sewage.  The  sludge 
oontaining  about  80%  of  water,  amounts  to  some  12,000  tons  pel 
annum.  One  plan  for  disposing  of  the  sludge,  Uiat  was  tried  long 
a^,  was  to  convert  the  wet  mud  into  a  coherent  paste  by  whirling 
it  in  a  centrifugal  machine,  to  mould  the  paste  into  bricks,  and  to 
dry  them  in  the  dr.  Such  "Leicester  bricks"  contained,  when  air- 
dried,  from  1^  to  2  or  3%  of  phosphste  of  lime,  from  |  to  1%  of 
nitrogen,  and  perhaps  ^  of  1%  of  potash.  Considered  as  a  manure, 
they  were  manifestly  not  worth  the  cost  of  much  transpottaUon. 
Practically,  it  was  from  the  first  a  very  difficult  matter  to  induce 
formers  to  use  these  bricks,  even  in  places  where  no  ovwwbetming 
qnantities  of  the  mud  were  produced,  while  for  large  cities  the  dis- 
posal of  the  sludge  wss  a  mere  bill  of  expense. 

One  ingenious  scheme,  invented  in  England,  by  Oenenl  Scott, 
was  to  add  clay  as  well  as  lime  to  the  sewage,  in  order  to  ptecipitata 
the  impurities  and  to  convert  the  sludge  into  cement  by  bnnung  it. 
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It  was  argued,  in  Tiev  of  the  laige  amount  of  organic  matter  in  the 
eladge,  that  comparatively  little  coal  would  be  required  for  the  final 
act  of  burning,  though  of  course  the  moisture  in  the  muddy  pre- 
cipitate has  got  to  be  dried  out  somehow.  Cement  of  very  tol- 
erable qaality  has  actually  been  prepared  in  this  way,  and  it  waa 
thought  that  the  making  of  it  might  possibly  be  a  cheap  method 
of  getting  rid  of  the  sludge  in  some  localities,  though  no  actual 
money  profit  could  be  gained.  After  trial,  the  process  has  been 
abandoned. 

Possibly  a  good  way  of  getting  rid  of  the  sludge  Would  be  to  bum 
it,  together  vith  the  swill  of  the  city,  in  furnaces  speciiilly  adapted 
for  the  combustioa  of  wet  fuel.  Such  furnaces  have  long  been  in 
use  for  burning  bagasse,  wet  peat,  spent  tau  back,  and  spent  dye- 
woods  ;  though  perhaps  in  the  case  of  the  sludge  some  refuse  coka 
or  coal  might  have  to  be  mixed  with  it  to  insure  its  ready  combus- 
tion.    (See  American  Journal  of  Science,  1860,  xxx.  243.) 

Yet  another  device,  more  recent  than  the  plan  of  making  cement, 
is  to  precipitate  the  sewage  by  means  of  lime  and  copperas,  to  press 
the  sludge  into  blocks  as  if  it  were  clay,  to  carry  these  blocks  to  sea, 
and  discharge  them  there  into  deep  water,  out  of  the  way  of  doing 
any  harm. 

As  with  the  othei  processes  of  precipitation,  the  disposal  of  the 
lime  sludge  is  really  the  moat  serious  practical  difficulty  that  has  been 
encountered  in  working,  and  the  remark  is  specially  true  of  laige 
cities,  where  the  quantity  of  sludge  produced  is  enormous.  English 
farmers  will  not  buy  it  when  dry,  at  a  price  equal  to  the  cost  of 
drying,  nor  will  they  take  it  aa  a  gift  when  wet,  except  in  insig- 
nificant quantities.  In  many  localities  it  has  been  used  for  filling 
up  waste  places.  Wallace  computed,  in  1861,  that  the  sewage  of 
Glasgow,  then  amounting  to  from  40  to  70  million  gallons  daily, 
would  produce  every  day  135  tons  of  dried  sludge.  In  the  moist 
state  this  sludge  would  amount  to  five  times  these  figures,  or  675 
tons,  an  enormous  quantity  of  material  to  be  disposed  of  daily. 
If  lime  alone  were  used  as  the  precipitant,  40  tons  of  it  would  have 
to  be  used  daily.  He  ui^^  that  no  town  or  city  should  adopt  a 
system  of  precipitation  until  it  is  clearly  seen  bow  the  sludge  is  to 
be  disposed  ot 

One  objection  to  running  sewage  clarified  by  liming  directly  into 
brooks  is  that  the  free  lime  which  it  contains  is  hurtful  to  fish. 
Filtration  through  earth  does  away  with  this  trouble,  or  even  filtia- 
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tion  through  coke  alack,  whereby  the  Ume  ia  TQtained  or  neutralized 
through  aWiptioQ  of  carbonic  acid  from  the  air. 
Frecipitatioa  with  Magnttia, 

The  old  idea  that  ammonia  and  phosphoric  acid  might  be  eco- 
nomically saved  from  urine  waa  disproved  long  ago,  as  has  been 
set  forth  under  the  head  of  Night-Soit ;  but  the  use  of  magnesia  in 
conjunction  vith  lime,  as  suggested  by  Suveni,  has  found  frequent 
application  in  Germany  for  purifying  smalt  quantities  of  sewage  and 
factory  wastes,  tjuvern  made  a  mixture  of  70  parta  of  crystallized 
chloride  of  magnesium,  100  parts  of  quicklime,  and  7  or  8  (uno 
account  says  18)  parts  of  coal-tar,  heated  together ;  and  he  finally 
added  enough  water  to  make  a  thin  paste  containing  some  9  or  10% 
of  solid  matter.  By  virtue  of  chemical  reactions  in  the  mixture 
there  were  formed  hydrate  of  magnesia  and  chloride  of  calcium. 
But  beside  these  subatancee  there  was  the  tar  and  an  excess  of  hy- 
drate of  lime,  and  it  will  be  noticed  that  the  presence  of  this  lime 
brings  the  process  into  relations  with  the  "liming"  process  above 
deacribed. 

Suvern's  thin  paste  was  made  to  ftow  continuously  in  a  fina 
stream  into  the  current  of  sewage,  so  that  it  should  mix  therewith. 
The  momeut  it  came  iu  contact  with  the  sewage  a  voluminous  light 
precipitate  of  phosphate  of  ammonia  and  magnesia,  as  wtill  as  of 
lime  and  organic  matter,  was  formed,  which  carried  down  with  it 
all  the  suspended  matters  of  the  sewage. 

The  mixture  of  liquid  and  precipitate  was  made  to  flow  into  ap- 
propriate tanks,  where  the  precipitate  settled  oat  quickly,  and  so 
completely  that  the  water  flowed  off  dear  and  pure  enough  to  be 
tamed  into  rivers,  though  not  into  brooks.  The  liquid  still  contains 
much  organic  matter,  and  nnde^oea  fermentation  in  the  course  of  a 
few  days.  As  much  as  1.9  parts  of  solid  matter  have  been  found  iu 
■  1,000  parts  of  it  It  has  been  stated  that  about  one  third  of  the 
nitr<%en  in  fresh  sewage  can  be  precipitated  in  this  way,  and  ne»ly 
the  whole  of  tbe  phosphoric  acid.  As  for  the  rest  of  the  nitrogen, 
one  third  of  the  original  quantity  escaped  In  the  form  of  ammonia 
gas,  and  the  other  third  remained  dissolved  in  the  water,  in  the 
form  of  urea  in  this  particular  case. 

Samples  of  dried  mud  from  Suvern's  process  have  been  found  to 
contain  1  J%  of  phosphoric  acid,  \%  of  nitrogen,  and  20%  of  organic 
matter  (including  tar).  But  in  field  practice  the  mud  has  been 
found  to  be  practically  worthless  as  a  mauure,  possibly  because  of 
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the  tu  which  adhera  to  it,     ExperimestH  nude  upon  &ims  near 
Berlin  showed  that  the  Suvam  precipitate  was  not  worth  the  cost  of 
tTansporbttion,  even  at  a  distance  of  only  a  few  miles. 
Alumna  a*  a  PreeipitaiU. 

TravellerB  have  long  been  aocnstomed  to  use  alnm  for  ckrif^mg 
the  water  of  bogs  and  foul  pools  to  fit  it  for  culinary  pnrpoeea. 
The  alumina  in  the  alum,  or  rather  a  baatc  sulphate  of  alumina, 
combioee  with  organic  matter  to  form  a  bulky  gelatinous  precipi- 
tate, which  drags  down  with  it  impuritiea  that  were  suspended  in 
the  watw.  So  too  alum,  or,  better,  a  cheap  sulphate  of  alumina 
oontainiiig  some  ferrous  sulphate,  baa  often  been  used  to  clarify 
sewage.  Sometimes  the  action  of  the  sulphate  is  made  specially 
effective  by  adding,  at  the  same  time  with  it,  enough  lime  to  neu- 
tralize its  acid,  and  so  set  free  the  whole  of  the  alumina,  though 
when  the  sewage  oontains  enough  free  ammonia  to  decompose  the 
sulphate  of  ammonia  no  lime  is  needed  for  this  purpose. 

Practically,  it  is  found  that  a  very  small  proportion  of  the  sulphate 
is  competent  to  precipitate  the  visible  impurities  out  of  a  oompara- 
tively  large  qoantity  of  sewage,  quickly  and  wellnigh  completely, 
and  at  the  same  time  to  deodorize  the  sewage.  Since  the  whole 
of  the  phosphoric  add  in  the  sewage,  and  a  little  of  the  ammonia, 
beddes  a  good  deal  of  organic  matter,  are  earned  down  with  the 
alumina,  hopes  were  entertained  at  one  time  that  the  precipitate 
might  have  aome  value  as  a  fortiliier,  and  ezperimente  made  at 
Paris  with  very  large  dressings  of  it  seemed  to  support  this  view. 
But  tiie  analyses  of  Voelcker  show  that  it  must  be  wellnigh  worth- 
less, and  the  same  conclusion  was  Toached  by  means  of  field  experi- 
ments upon  fiums  near  Berlin.  Like  street  sweepings,  earth-closet 
teftise,  and  many  other  things,  the  precipitate  would  be  worth 
strewing  upon  &rm  land  if  it  could  be  brought  there  without  ex- 
pense. But  it  is  BO  nearly  valualees  that  it  cannot  bear  the  cost  of 
tranaportstioQ. 

It  is  said  that  the  alumina  precipitate  settles  rather  more  qnickly 
than  that  produced  by  lime ;  that  less  sludge  is  formed  by  the 
alumina;  and  that  the  liquid  clarified  by  alumina  requires  less  fil- 
ti&tion  through  earth  than  that  clarified  by  lime.  On  the  other 
hand,  the  alumina  salt  is  rather  more  costly  than  the  lime,  and  is 
hardly  any  more  effective.  The  liquid  clarified  by  alumina  ia 
equally  putrescible  with  that  clarified  by  lime,  so  that,  generally 
speaking,  the  advantages  of  the  alumina  process  are  but  alight,  and 
it  is  not  to  be  prefened  to  lime. 
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AlMttina  after  Lime. 

Mr.  Peter  Spence,  of  Maucheeter,  hu  propoaed  to  vat  sulphate 
of  oluniiaft  after  lime,  i.  &  to  add  the  alomioa  salt  to  Mwage  which 
has  already  heen  clarified  by  liming  it  Hereby  a  new  qoantity  o£ 
oigauio  matters  are  thrown  down,  while  the  iiee  lime  in  the 
liquid  ia  neutialiied.  Sewage  thus  doubly  clarified  might  perhaps 
be  thrown  into  small  riven  withont  need  of  any  earth  filtration. 
Spence  suggests  that  by  adding  dilute  sulphuric  acid  to  the  alumina 
■lu^e  obtained  in  this  case,  the  sulphate  of  alumina  might  be  r^ 
vivified,  and  so  be  used  over  and  over  again,  while  organic  matten 
would  be  obtuned  incidentally  that  wonld  be  fit  to  be  sold  as  a 
fertilizer. 

PkotpkaU  cf  Alumina  and  Magnena. 

A  process  proposed  "by  Forbes  and  Price  in  England  is  somewhat 
akin  to  that  of  Suvern.  The  idea  was  to  add  to  the  sewage  a  mix- 
ture of  a  magnesium  salt  and  phoephata  of  alumina  dissolved  in 
anlphuric  or  muriatic  acid,  together  with  enough  milk  of  lime  to 
neutralise  the  acid  by  which  the  phosphate  was  held  dissolved. 
The  organic  matter  of  the  sewage  goes  down  with  the  phoapfaate  ti 
alumina,  and  the  ammonia  with  the  phosphate  of  magnesia,  and  the 
BOspended  matters  are  enveloped  in  the  precipitete  as  before. 

The  operation  is  said  to  be  very  simple,  no  apparatus  being  re- 
qoired,  except  a  leaervoir  or  tank  to  hold  the  sewage  while  the 
chemicals  are  added  to  it.  The  precipitation,  moreover,  is  so  oon^ 
plete,  that  the  water  which  flows  away  is  tiansparent  and  colorless, 
and  to  all  appearance  pnre.  Native  phosphate  of  alumina,  such  as 
is  fonnd  in  considerable  quantities  in  the  West  Indies,  was  em- 
ployed, and  the  sludge  was  to  be  used  as  a  phosphatic  fertilizer. 
TheASC  Pneeu. 

This  process  depended  upon  the  use  of  alumina  (in  the  form  (rf 
the  impure  sulphate,  or  of  alnm),  blood,  and  clay  and  charcoal. 
The  purpose  of  the  blood,  as  in  sugar  refining,  is  that,  by  the  coag- 
ulation of  its  albnmeu,  special  coherence  may  be  given  to  the  pre- 
cipitated matters.  As  with  the  other  processes  of  precipitation,  so 
with  this  one  the  suspended  matters  of  the  sewage  were  well  r»- 
moved ;  but  so  much  of  the  oi^nic  toatter  remained  in  solution 
that  the  elariSed  liquid  soon  putrefied  on  standing.  The  sewage 
was  no  better  cleansed,  in  &ct,  than  it  was  by  the  process  of  liming. ' 
Unpleasant  odom  arose  during  the  drying  of  the  sludge,  tiiough 
whni  dry  it  was  fkee  fiom  ameU.    It  has  a  somewhat  higher  agricu]- 
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tural  value  than  the  lime  sludge,  though  it  was  foDiid  Impiacticable 
to  sell,  01  even  to  give  away,  any  large  quantities  of  it. 

TJtt  ChhHde  of  Iron  Proutt 
has  been  found  to  be  highly  efficient  for  clarifying  sewage,  though 
it  is  too  costly  to  be  used  ou  a  laige  scale.  Impure  ferric  chloride 
is  used,  much  in  the  same  way  that  sulphate  of  alumina  is,  as  ex- 
plained above.  A  heavy  precipitate  of  ferric  hydrate  is  formed, 
which  carries  down  mecbanically  the  suspended  niatteia.  Sulphu- 
retted hydrogen  is  arrested  also  as  ferrous  sulphide,  and  phos- 
phoric acid  goes  down  as  ferric  phospliate,  Siuce  it  ia  so  highly 
charged  with  Iron  ozide,  the  sludge  can  hardly  have  much  value  as 
manure. 

Sewage  clarified  by  the  iron  process,  or  by  the  use  of  other  me- 
tallic salts,  suuh  as  chloride  of  zinc  or  chloride  of  manganeae,  may 
ferment  in  warm  weather  in  the  courae  of  a  week  or  ten  daya  ;  hut 
it  does  not  putrefy  so  readily  as  that  clarified  by  the  processes  pre- 
viously described. 

During  an  epidemic  of  cholera,  in  1884,  Doesbui^  at  Rotter- 
dam, set  up  an  establishment  for  purifying  the  water  of  the  river 
Uaas,  on  the  large  scale,  by  means  of  ferric  chloride,  in  order 
to  make  it  more  fit  for  domestic  use.  The  sludge  obtained  iu 
this  case  contained  33%  of  oi:ganu:  matter  and  1^%  of  nitrogen. 
Heaps  of  it  soon  passed  into  a  condition  of  violent  and  ofiensiva 
putrefaction. 


CHAPTER  XVI. 

THE  DISPOSING  OF  FARMS. 

It  is  of  the  nature  of  a  self-evident  proposition,  that  the  modes 
of  arranging  and  inant^ng  different  &rma,  even  under  one  and  the 
same  climate,  muat  ditfer  widely,  according  to  varying  local  circum- 
Btances.  One  aet  of  conditions  will  lead  to  sheep-farming,  another 
to  cattle-grazing,  another  to  dairy-&nning,  another  to  the  produc- 
tion of  grain,  or  hay,  or  cotton,  or  tobacco,  or  sugar,  or  some  other 
special  crop,  while  other  conditions  etill  will  lead  to  the  establish- 
ment of  farms  of  mixed  cultivation. 
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Since  mnny  of  the  coDditions  that  go  to  determine  the  character 
of  a  fonn  may  fairly  enough  be  classed  as  chemical,  it  is  always  io- 
tereeting  to  consider  any  given  farm  from  the  chemical  point  of 
view,  and  to  try  to  pick  out  the  facta  concerning  it  which  specially 
belong  to  this  category. 

Naturally  enough,  it  is  no  easy  matter  to  do  this.  The  auhject 
is  complex  and  Intricate  at  the  best,  and  it  is  commonly  difBcult  to 
separate  the  chemioal  items  from  a  multitude  of  others,  —  social, 
political,  and  mechanical,  —  which  aie  of  equal  oi  even  of  greater 
importance  than  the  chemical  considerations,  but  which  tend  to  in- 
terfere with  and  obscure  them.  It  is  true,  however,  that  glimpses 
oan  be  got  which  are  often  highly  instructive. 

The  significance  of  peat,  of  clay-boming,  of  fallows,  of  manure 
from  cities,  of  rockweed  and  kelp  upon  a  seaside  farm,  and  of  water 
npon  irrigated  land,  is  plain  to  common  observation.  Many  anal- 
ogous illustrations  wUl  readily  suggest  themselves.  Hence  an 
incentive  to  discuss  iu  a  general  way  some  of  the  circumstances 
upon  which  diS'erent  classes  of  farms  depend,  and  to  point  out  the 
dispositions  of  some  individual  farms  which  illustrate  or  enforce 
chemical  principles. 

Endwrinff  FertilUy  of  Bottom  Land*. 

Upon  the  highly  nitrogenized,  fertile,  moist  soil  of  certain  river 
valleys  at  the  West,  where  corn  has  been  grown  year  after  year  for 
a  century  without  intenuptiou  and  without  manure,  it  is  certain 
tliat  the  iarmer  will  have  no  very  strong  incentive  to  vary  hie  crop 
or  his  modes  of  cultivation,  provided  a  market  for  the  grain  is 
readily  accessible.  But  if  land  like  this  is  iar  from  a  market  for 
grain,  indirect  methods  of  converting  the  grain  to  money  will  he 
leeorted  to.  The  system  of  farming  will  be  changed  in  eo  iar  that 
the  corn  shall  be  fed  to  swine,  and  so  converted  into  pork,  or  it 
will  be  fermented  and  distilled  into  the  form  of  whiskey.  By  these 
devices  the  original  crop  is  simply  concentrated,  as  it  were,  and 
made  compact,  so  that  it  can  he  carried  with  profit  to  8  distant 
market. 

Beside  distance  from  a  market,  there  are  other  considerations  that 
might  make  the  systems  based  upon  whiskey-distUling  or  pork- 
feeding  preferable  to  that  of  mere  grain-growing.  Suppose,  for 
example,  that  the  fertihCy  of  the  land,  though  very  great,  is  not 
inexlianstible,  why  then  either  the  making  of  whiskey  or  of  pork 
irould  enable  the  farmer  to  obtain  manure  wherewith  to  keep  up  th« 
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quality  of  hts  land,  or  ST«n  to  enhance  the  VRlne  of  it.  One  com- 
mon vay  at  the  Western  farms  of  checking  the  tendency  to  exhaoo- 
tioQ  is  to  hatrest  only  the  finest  ears  of  oom,  and  to  torn  a  drova 
of  hogs  into  the  corn-field  to  utilize  what  is  lefL 

Land  so  excessively  fertile  as  that  of  aomo  of  the  riTer-bottoma 
in  the  Western  country  is  not  pecnliar  to  America.  The  Nile  T&l- 
ley  offers  a  striking  instance  of  the  same  kind  of  land.  The  fer- 
titity  of  the  soil  upon  the  hanks  of  that  river  is  eo  great  that  maQOtes 
an  but  Uttle  employed  there.  TraveUera  often  refer  in  terms  of 
aatouiahment  to  the  enormous  heaps  of  refuse  whidi  accumulate  Id 
the  vicinity  of  the  Egyptian  towns ;  and,  as  is  well  known,  the 
saltpetre  earths  of  Egypt  are  firom  similar  mounds  of  refuse  left  by 
former  generations  of  men. 

So  too  in  Palestine.     The  fertility  of  the  valleys,  where  irrigar 

tioD  is  posaible,  is  very  great.     Dr.  Hooker  has  said  that  he  would 

engage  to  supply  the  whole  population  of  Syria  with  food  fiom  the 

produce  of  ten  well-cultivated  miles  of  the  valley  of  the  Jordan. 

Farvu  in  Sterile  Sillg  DittricU. 

In  contrast  with  these  fertile  river-bottoms  may  be  cited  a  conn- 
try  of  steep  and  rocky  hills.  Here  the  only  alternative  is  pasture 
or  woodland.  But  there  are  »  great  variety  of  dispositions  possible 
nevertheless.  Some  of  the  small  Now  Hampehite  liTera,  like  the 
Femigewasset,  which  flows  from  the  Franconia  Notdi  into  the 
Merrimack,  and  the  Saco  River  in  the  Conway  region,  carry  tolen- 
bly  wide  intervales  in  the  heart  of  a  very  broken  and  hilly  conntry. 
The  prevailii^  disposition  of  £trma  in  that  region  is  a  quantity  of 
hill-laod  behind  tiie  homestead,  and  a  strip  of  intervale  in  front. 
Sheep  are  pastured  on  the  wild  hills  through  the  summer,  and  kept 
up  in  winter  upon  hay  grown  upon  the  intervale.  A  little  maise 
and  a  few  potatoes  and  oats  are  grown,  of  conise,  and  a  few  cattle 
are  kept,  as  well  as  the  sheep ;  but  the  basis  of  the  &nns  is  sheep,  in 
many  instances.  It  is  so  hard  a  matter  to  carry  on  profitable  hus- 
bandry in  that  rt^on,  excepting  where  the  fertilizing  influence  of 
the  river  is  felt  upon  the  intervale,  that  the  hill  fiLrms,  properly  so 
called,  L  &  those  situated  wholly  upon  the  hillsidea,  and  devoid  of 
intervale,  are  foiling  away  every  year.  Their  owners  desert  them, 
house  and  land  together,  and  move  away  to  some  happier  clime. 
No  doubt  this  emigration  might  be  checked  by  the  intmductioa  of 
rational  systems  of  recuperating  the  worn-out  pastures  dt  the  hill 
fimm^  and  by  the  jndicioas  use  of  composts  (made  from  peat  or 
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Bods)  and  of  artificial  fertilizan  on  those  patches  of  land  which  are 
ainooth  enough  to  bs  mown.  Kongh  and  ready  methods  of  diain- 
Bge  also,  aud  of  irrigation,  might  doubtless  be  used  in  some  places; 
but  it  is  hard  to  introduce  innoTations  such  as  these^  so  long  as 
there  is  lichei  land  at  the  West  to  be  had  almost  for  the  trouble  of 
taking  it 

Mr.  Darwin,  in  his  Jfarrative  of  the  Voyage  of  the  Beagle,  haB 
described  a  somewhat  jnmilnr  state  of  afiiiiis  aa  existing  in  ChilL 
Between  the  parallel  mountain  langes  of  that  country,  there  are 
numerous  level  basiiu,  or  plains,  which  are  easily  irrigated,  siitce 
they  elope  naturally  towards  the  sea,  aod  there  is  no  lat^  of  water 
from  the  hills.  Thanks  to  the  irrigation,  these  plains  are  singularly 
fertile,  though  without  irrigation  the  land  would  yield  nothing,  for 
during  the  whole  summer  the  sky  is  cloudkes.  The  mountains  and 
hills  are  dotted  over  with  bushes  and  low  trees,  and  ezceptii^  theae 
the  vegetation  is  very  scanty.  Each  land-owner  in  the  valley  pos> 
seeaes  a  certain  portion  of  hill  country,  where  hia  half-wild  cattle  in 
considerable  numbers  man^e  to  find  sufficient  pasture.  Once  every 
year  there  is  a  grand  "lodoo,"  when  all  the  cattle  are  driven  down, 
counted,  and  marked,  aud  a  certain  number  separated  to  be  fattened 
in  the  irrigated  fields.  Wheat  is  extensively  cultivated,  and  a  good 
deal  of  Indian  com.  A  kind  of  bean  is,  however,  the  staple  article 
of  fbod  for  the  common  laborers. 

Forma  maintained  bg  Poroffe  Cnpt. 

Between  the  two  extremes  just  mentioned,  vis.  the  inexhaustible 
river-bottoms  of  the  West  on  the  one  hand,  and  the  rocky  pastures 
of  New  Hampshire  on  the  other,  may  be  found  an  almoet  infinite 
diversity  of  airangemente.  A  good  example  of  the  way  in  which 
the  continual  grain-growing  of  the  West  has  to  be  modified  as  the 
quality  of  the  land  begins  to  depreciate,  may  be  seen  in  New  York 
and  Ohio,  where  clover  crops  ore  now  often  made  to  alternate  with 
wheat,  as  hss  been  stated  under  the  head  of  Rotations.  The  clover 
fodder  is  used,  of  course,  to  produce  dung,  not  to  speak  of  the  fertil- 
izing value  of  the  roote  and  stubble  which  are  left  upon  the  land. 
At  the  South,  the  cow  pea  serves  instead  of  clover,  and  in  soma  in- 
stances it  appeare  to  be  on  excellent  alternative.  A  rotation  prac- 
tised in  some  parte  of  Georgia  consists  of  oats  and  cow  peas,  as 
follows.  Oats  sown  in  October  are  ready  to  cut  by  the  middle  of 
May.  The  oat  stubble  is  ploughed  under,  cow  pess  are  sown,  and 
the  vines  are  mown  fbr  hay  in  August.    This  hay  is  said  to  be  of 
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excelleat  quality.  The  second  growth  of  tbe  peas  ia  ploughed  un- 
der, and  oats  soirn  again  in  October  or  November.  This  rotation 
may  be  kept  up  for  long  terms  of  years,  —  "  forever,"  as  the  saying 
is  in  that  locality. 

An  analogous  example  of  the  need  of  interpolating  forage  crops 
such  as  refresh  the  land  may  be  drawn  from  English  experience. 
There  was  a  time  not  long  ago  when,  theoretically  speaking,  by  far 
the  most  profitable  crops  that  could  be  grown  on  rich  clay  soiK 
in  some  parts  of  England,  would  have  been  wheat  and  horae  beans. 
The  products  would  have  been  readily  salable  at  high  prices,  and  the 
two  crops  suit  one  another  extremely  well  when  grown  in  alternation. 
Bat  in  case  this  experiment  had  been  tried  upon  an  entire  farm, 
not  half  enough  manuie  could  have  been  got  from  the  straw  and 
haulm  to  keep  up  the  fertility  of  the  land.  Nowadays  such  a  farm 
oonld  probably  be  maintained  readily  euough  by  means  of  artificial 
fertilizers,  thoagli  it  might  no  longer  be  profitable  to  do  so  in  Eng- 
land because  of  free  trade  in  grain.  But  it  would  stiil  be  true  on 
any  farm  that  intended  to  make  a  specialty  of  the  two  crops  in 
question,  that  it  would  usually  be  more  pi-ohtable  to  grow  hay  and 
oats  for  the  work-horses,  and  hay  at  least  for  a  cow  or  two,  than  to 
buy  these  products;  and  on  this  account,  if  for  no  other  reason, 
there  would  be  a  strong  incentive  to  mixed  cultivation. 
Potato  Farms. 

Porraerly  much  more  than  now,  i.  e.  before  the  introduction  of 
the  fungus  wliicli  caused  the  disease  knnwn  ns  the  potato  rut,  many 
farms  in  certain  jmrts  of  New  England  were  based  on  the  growing  of 
potatoes.  On  the  coasts  of  New  Hnni)Mhire  and  Maine,  and  of  Nova 
Bcotia  aUo,  —  wherever,  in  short,  there  was  access  to  water  carriage, 
—  the  potatoes  were  shipped  as  such,  to  be  eaten  as  such,  while 
in  tho  interior  of  the  country  starch  was  made  from  tbera  ;  that  is 
to  say,  they  were  converted  into  a  substance  which  is  easily  trans- 
portable, and  for  which  there  is  a  constant  and  larje  demand  all 
over  the  world.  The  refuse  from  the  starch  factories  has  a  certain 
small  value  as  cattle  food,  and  a  part  of  the  crop  itself  was  not  in- 
frequently used  as  fodder,  and  so  for  tho  production  of  dung,  and  the 
potato  vines  were  left  upon  the  land ;  but  the  main  point  was  that 
a  non-exhaustive  merchantable  crop  was  produced  as  the  chief  le- 
eourco  of  the  farm.  Usually  the  potato  crops  were  supplemented 
with  moderate  crops  of  forage  and  grain,  for  household  use  and  for 
the  support  of  cattle. 
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It  ia  difficult  for  anjr  one  who  was  not  actually  apoa  the  ground 
at  the  time  to  realize  the  tenibte  destiuction  of  fitmu  that  was 
caused  iu  Nova  Scotia  in  particular  by  tlia  potato  disease  of  1817-46. 
Starch  and  whiskey  and  sugar  (glucose)  are  still  made  ttom  potatoes 
in  Germany,  upon  a  very  extensive  scale,  and  many  &rms  based  on 
potatoes  exist  in  that  country. 

Infiiinee  of  Indian  Com  on  Farming  Methods. 

But  in  this  country  Indian  corn  has  largely  raploced  the  potato 
as  a  source  of  these  products.  Indeed,  Indian  com,  which  has  al- 
ways been  the  basis  of  American  farming,  has  become  more  than 
ever  conspicuous  since  it  hna  pretty  tboroaghly  superseded  the 
potato  as  a  starch-producing  crop.  Corn  is  remarkable,  not  only  for 
its  easy  cultivation,  but  for  its  enormous  yield  both  of  food  and  of 
fodder.  It  is  at  once  a  grain  crop  and  a  furage  crop  ;  or,  even  more 
emphatically,  s  bread  crop  and  a  fallow  crop.  Practically  it  has 
hitherto  in  good  part,  if  not  entirely,  done  away  with  the  need  of 
cultivating  roots  for  cattle  food  in  this  country,  and  it  has  enor- 
mously curtailed  tlie  growing  of  leguminous  forage  crops  also.  It 
ia  a  highly  interesting  and  a  still  debatable  question  as  to  how 
and  when  and  where  (if  anywhere)  systems  of  farming  based  on  the 
supplementing  of  Indian  com  with  roots  mtiy  best  be  practised. 

As  long  ago  as  1816,  the  famous  English  political  writer  Cob- 
bett  proposed  to  base  a  l^rm  on  Long  Island,  20  miles  from  New 
York,  on  rutabagas,  cabbages,  and  Indian  corn,  as  follows.  He  pro- 
posed to  have  a  farm  of  100  acres,  of  which  12  acres  should  be 
in  rutabagas,  to  yield  600  bushels  to  tbe  acre;  15  acres  in  com, 
well  tilled,  with  white  tnmips  sown  at  the  time  of  last  ploughing, 
to  yield  40  bushels  shelled  corn  and  1  ton  fodder  to  acre ;  3  acres 
of  eaily  fodder  cabbage,  planted  at  various  times  [according  to  a 
French  practice] ;  one  acre  of  mangel-wurzel ;  one  of  carrots  and 
parsnips ;  and  12  acres  of  orchard  kept  in  grass.  The  rest  of  the 
farm  would  be  devoted  to  hay  and  grain  for  sale. 

He  would  keep  4  working  oxen,  3  cowa,  and  14  breeding  sows 
all  the  year  round,  and  at  least  100  ewes,  would  begin  to  feed  mta- 
bagas  on  the  1st  of  February,  when  they  are  at  their  best,  and  would 
sell  off  fat  stock  during  the  spring.  By  the  1st  of  July  ho  would 
put  the  ewes  upon  cabbage,  and  fat  them  therewith,  in  addition 
to  the  grass  of  the  orchard.  Cabbages,  fall-feed  from  the  grass 
and  gnun  fields,  and  com-etalks,  were  to  carry  the  stock  until  the 
Ist  of  December,  when  white  turnips,  mangolils,  and  the  other 
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roots  would  be  fed  to  them.     The  hoga  were  to  be  finished  off 
with  a  little  corn. 

Besides  hay  and  grain,  he  cslculated  to  sell  100  early  fat  lamba, 
100  hogs  of  240  lb.  each,  100  iat'ewes,  9  quartore  of  bee(  and  3 
hides,  and  argued  that  the  meat  products  alone  would  bring  him 
in  |3,000,  leas  the  cost  of  100  new  ewes  and  3  oxen.  No  doubt 
rutabagas  and  cabbages  ate  bttening  food,  but  they  are  uncertain 
cropa 

Influence  of  Soadt  <rn  Farm  ArrangemerUi. 

As  has  beeu  said,  it  is  often  wellnigh  impoeeible  to  distinguish 
accuiatoly  between  chemical  and  mechanical  conditions  in  study- 
ing this  question  of  farms.  Thus,  the  mere  difference  between 
good  and  bad  roads,  or  between  a  rough  and  a  smooth  country,  will 
often  make  a  very  xnaterial  difference  as  to  the  kinds  of  crops  grown 
and  of  manure  produced  upon  the  farms,  and  so  of  course  upon 
the  mode  of  carrying  on  the  forma.  In  a  smooth  country  pro- 
vided with  good  roads,  all  the  heavy  transportation  and  the  &rm 
operations  vill  usually  be  performed  by  horses,  while  in  a  broken 
country  oxen  are  almoet  absolutely  essential  for  the  practice  of  agri- 
cultural operations.  But  oxen  can  be  well  mdntsined  on  much 
rougher  forage  than  is  needed  by  horses,  while  in-respect  to  patience 
and  fortitude  the  ox  is  greatly  superior  to  the  horse.  If  a  wagon 
is  "set"  in  a  muddy  road,  oi  if  any  serious  obstruction  impede  the 
draught,  a  horse,  or  a  team  of  horses,  will  soon  lose  heart  Not  only 
is  the  horse  apt  to  fret  himself  unduly  when  thus  troubled,  but  it 
usually  happens,  after  the  first  trial  or  two  have  failed  to  overcome 
the  impediment,  that  he  becomes  disheartened  and  practically  uaa- 
less.  Eut  a  steady  ox  will  try  again  and  again,  as  often  as  the 
driver  may  care  to  urge  him,  or  until  the  difficulty  has  been  over- 
come. Captain  Marcy,  in  passing  from  Utah  to  New  Mexico  over 
tlio  Bocky  Mountains,  in  winter,  set  out  with  horses,  mules,  and 
oxen,  the  latter  to  be  used  as  food.  "I  found,"  he  says,  "as  soon 
as  we  struck  snow  three  feet  deep,  that  the  mules  directly  became 
disheartened,  lay  down,  and  would  not  exert  themselves.  The 
hoises  seemed  more  ambitious,  and  would  push  their  way  through 
the  Buow  as  long  as  possible ;  hut  they  soon  became  weary  and 
gave  out  from  exhaustion ;  while  the  oxen  slovly  and  deliberately 
ploughed  their  way  through  the  snow  for  a  long  time  without  be- 
coming jaded."  They  also  subsisted  better  than  the  other  animals 
oil  the  pine  boughs  and  browse  which  were  their  only  food. 
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Own  too  duiKiy/or  dvilued  Fanu. 

It  may  ben  be  sud  that  the  chief  ie«80D  why  ozen  are  eo  little 
naed  nowadaya  in  the  emoother.  parts  of  New  £iigland,  aa  comparad 
irith  their  abundauce  at  earlier  periods,  seems  to  depend  on  the  &ct 
that  oxen  cannot  so  well  be  mad  as  horses  for  hauling  mowing- 
,  machines,  haj-iakes,  cultivators,  and  all  the  modern  machinery 
whicli  makes  &rming  passible  in  these  parts.  One  reason  why  so 
many  of  the  hill  farms  in  Kew  Hampshire  have  been  deserted  is, 
tiiat  the  horse  implements  oannot  so  readily  be  used  upon  those 
fume  as  elsewhere ;  that  is  to  say,  nuder  the  modem  methods  of 
Umdog,  the  rough  hill  iarms  are  pat  at  a  still  greater  disadvantage 
than  they  were  formerly.  The  introdootion  of  macbinee  for  secur- 
ing the  bay  crop,  in  particular,  has  made  it  so  much  easier  and 
cheaper  to  get  hay  from  smooth  land,  tbat  many  of  the  rough  &nns 
can  no  longer  compete  witb  the  smootb,  even  when  the  rough  land 
is  equally  fertile  with  the  emootli  land,  or  even  more  so.  Pre- 
cisely  the  same  thing  is  seen  almost  everywhere  in  New  England 
on  the  rougher  parts  of  smooth  fields,  where  the  mowing-machine 
cannot  readily  be  driven.  Many  such  spots  are  now  left  to  be  over^ 
grown  with  weeds  and  bnshee,  which  were  formerly  kept  neat  and 
clean  by  the  scythemen  ;  and  the  worst  of  it  is,  that  suob  patches 
tend  oonetently  to  increase  in  sin  from  one  year  to  another,  unless 
lesolutely  opposed. 

According  as  oxen  or  horses  are  kept,  the  farmer  will  natnrally 
grow  different  kinds  of  fodder.  Even  different  gtades  of  hay  will 
be  required,  and  on  this  account  there  will  be  a  much  stronger  in- 
centive to  drain  low-lying  meadows  on  farms  worked  by  hones. 
And  in  general  the  tillage,  the  crops,  and  the  character  of  the  dung- 
hill will  differ  because  of  the  different  modes  of  feeding  and  working 
the  two  kinds  of  animals. 

In  contrasting  the  horse  and  the  ox  in  this  way,  special  reference 
is  bad  to  this  country  and  to  England.  But  it  is  a  fiict  that  upon 
many  parts  of  the  continent  of  Europe  the  small  &rmeTS  use  cows, 
almost  universally,  as  beasts  of  draught,  precisely  where  the  country 
is  flat  and  the  roads  excellent.  This  exception  doee  but  enforce 
the  argument,  however,  as  to  the  influence  of  circumstances  upon 
the  conduct  of  farms.  If  the  cottager  can  get  a  beast  of  draught 
that  will  not  only  plough  his  field  and  carry  his  produce  to  market, 
but  at  the  same  time  yield  some  milk,  the  facts  of  smooth  roads  and 
easy  tillage  will  influence  him  only  in  so  br  tbat  they  render  the 
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aUtk  Btreng[tli  of  the  ox  uDnecessarj.  As  fur  the  gain  iu  time  la 
be  had  hj  using  honen,  that  will  have  little  significance  where  the 
amount  of  hard  work  of  any  one  kiad  to  be  done  is  aoiall,  and 
in&^uent.  It  may  be  said,  in  pasaing,  that  this  practice  of  nsiug 
cows  as  beasts  uf  burden  seems  to  be  a  commendable  one  for  the 
conditions  under  which  it  occnrs. 

Under  stilt  other  conditious,  as  in  some  parts  of  Italy  and  of 
India,  the  wellnigh  amphibious  bu&Io  is  preferred  to  any  other 
animal  for  agricultural  operations,  and  even  as  a  beast  of  bniden. 
These  animals  are  particularly  well  adapted  for  ploughing  rice-fields, 
since  they  can  work  in  mud  that  is  knee-deep.  At  Sudashiapet 
Mr.  Hitford  saw  them  working  in  this  way,  and  noted  that,  when 
released,  they  could  be  seen  "  wallowing  in  the  muddy  pools,  bask- 
ing in  the  sun,  with  their  backs  covered  with  frogs." 

Another  iostanoe  of  the  influence  of  eiternol  conditions  npon  the 
modes  of  forming  may  be  seen  in  the  Chinese  practice  of  using 
human  excrement  as  a  manure.  It  has  been  remarked  by  several 
travellers,  in  explanation  of  the  general  use  of  this  subetanoe  in 
China,  that  it  may  depend,  not  upon  any  intrinsic  worth  of  this 
kind  of  manure,  but  upon  the  foct  that  compomtively  few  cattle  are 
kept  in  that  country.  Manual  labor  is  general  throughout  the 
empire ;  very  few  animals  are  used  for  cultivatii^  the  land,  or  kept 
for  any  purpose ;  and,  besides,  the  Chinese  are  a  nation  of  cottagera 
or  small  farmers,  —  a  class  more  likely  than  any  other  to  save  every 
kind  of  maimie  that  may  come  within  reach. 

&taRge»  due  to  Railvnj/t  and  Steaaukipa. 

But  the  most  striking  instance  of  all  is  the  change  in  the  character 
of  forms  pretty  much  over  the  whole  world,  which  has  been  brought 
about  by  the  cheapening  of  transportation  in  recent  years,  particu- 
larly that  of  grain  and  cattle,  from  the  Western  States  of  America, 
and  of  grain  from  India.  The  invention  of  Bessemer  steel,  and  the 
building  of  railways  with  it,  improvements  in  the  building  of  steam- 
ships and  of  compound  engines  to  drive  them,  as  well  as  the  con- 
struction of  grain  elevators,  and  the  carrying  out  of  improved 
^stems  of  organization,  have  practically  changed  the  scope,  and 
plan,  and  attitude,  so  to  say,  of  English  farming  in  particular,  and 
have  undoubtedly  considerably  modified  the  farms  of  most  other 
regions.  These  changes  have  given  a  very  Mvere  blow  to  "  high 
ferming,"  properly  so  called,  for  now  transportation  is  so  ehei^t  that 
when  produce  has  once  been  put  into  a  ship  or  car,  it  coats  but 
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little  more  to  move  it  600  or  800  miles  than  it  doeetomoTS  it  100, 
and  wild  cheap  lands  bare  a  prepoodeTating  advaotage ;  for  the  first 
cost  of  growing  grain  upon  them,  or  of  rearing  stock,  ia  extremely 
low.  Aa  illustiatiug  the  economy  of  tiansporting  large  qoantitiea 
of  produce  to  great  distances,  the  story  is  told  of  a  Western  city 
where  50  cents  has  to  be  pud  for  moving  a  barrel  of  floiu  from  the 
mill  to  the  door  of  a  dwelling-house,  while  only  36  c«nts  more  is 
rsqiiired  to  land  the  barrel  on  the  dock  at  LiverpooL 

T&e  Site  0/  a  Fotm  a  MaUer  of  Sxecutive  Powtr. 

The  uiee  of  farms,  and  sometimes  their  characters  as  well,  are 
commonly  determined  in  good  part  by  the  degree  of  superintendence 
]«quiied.  Mere  pastare  fums  are  the  laigest.  Next  in  size,  as  a 
general  rule,  are  those  composed  of  mixed  pasture  and  tillage ;  then 
come  arable  &niis,  and  so,  through  all  conceivable  d^ieea  of  dimi- 
nution, down  to  the  smallest  garden. 

Sigh  and  Lam  Faming. 

As  is  well  known,  there  are  two  great  classes  of  farms  ;  viz.  those 
based  upon  "  itUentive  "  culture,  —  "  high  farming,"  as  the  English 
call  it,  — and  those  based  upon  "txteanve"  culture.  In  the  fint 
class,  large  crops  are  produced  at  the  expense  of  mach  labor  and 
capital ;  and  in  the  second  class,  small  crops  are  obtained  at  very 
small  cost. 

The  distinction  between  the  two  kinds  of  fanning  has  been  men- 
tioned already;  but  the  subject  is  one  that  invites  discussion,  and 
much  might  be  said  upon  it.  The  student  will  do  well,  at  the 
start,  to  dismiss  from  his  mind  any  conceptions  which  may  have 
entered  it,  either  to  the  effect  that  h^h  farming  is  necessarily  good 
&rming,  and  to  be  striven  for,  or  that  extensive  farming  is  neces- 
sarily bad  farming.     For  neither  of  these  opinions  is  tenable. 

High  farmii^  may  be  good  in  one  place  and  very  bad  in  another, 
and  the  same  remark  is  true  of  low  farming.  Everything  depends 
upon  the  situation  of  the  farm  with  reganl  to  the  rest  of  the  world. 
There  are  very  few  places  indeed,  if  then  be  any,  of  which  it  can 
be  said  with  truth  that  good  farming  consists  in  getting  the  largest 
poasihle  yield  from  a  given  piece  of  land. 

What  it  Good  Fanning  t 

The  trae  definition  of  good  farming  and  it  is  one  that  will  apply 
everywhere,  is  tliat  it  consists  in  getting  the  highest  possible  profit 
bom  the  land,  year  in,  year  out.  Aa  a  general  rule,  the  true  aim  of 
the  farmer  is  not  to  bring  his  land  up  to  a  high  ptcb  of  pioduc- 
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tivenesa,  but  to  make  tlie  best  poesible  nm  of  the  vays  and  means  at 
tiU  disposaL  Furmerly,  in  case  manure  was  costly  and  labor  cheap, 
it  may  sometimes  have  been  well  to  till  the  land  carefully.  Bat 
when  labor  is  costly  as  well  as  manuie,  it  will  often  be  the  best 
policy  to  do  away  with  labor,  in  bo  for  aa  may  be  poaaible,  and  to 
throw  one's  self  upon  the  natural  forces  of  the  land. 

Manifestly,  the  definition  of  good  forming  above  given  will  in- 
clude even  that  Icind  of  practice  in  which  the  soil  yields  only  a 
minimum  crop,  provided  tlie  cost  of  growing,  collecting,  and  mar- 
keting that  crop  is  sufficiently  smalL 

Examplet  of  Lou  Farming. 

Practically,  there  can  be  no  shadow  of  doubt  that  systems  of  ex- 
tenuve  forming  are  often  the  best  possible  systema  for  the  condi- 
tions under  which  they  are  practised.  The  farming  customs  of 
many  uncivilized  tribes  well  illuatrate  this  point.  For  example, 
Mr.  Hunter,  in  his  description  of  the  Indian  province  Orissa,  says  : 
"The  Governor  told  me  that,  as  he  is  anxious  to  extend  cultivation, 
he  oslu  no  rent  from  any  jungle  tribe  that  will  settle  dowa  They 
may  cut  down  as  much  forest  as  they  choose,  and  cnltivate  tha 
dearii^  as  long  as  tbey  please.  But  odl  his  effoits  have  foiled  to 
induce  the  nomadic  tribes  to  submit  to  the  toil  of  permanent  hua- 
bandty.  They  willingly  bum  a  patch  of  jungle,  but  avoid  the 
chance  of  any  question  of  rent  arising  by  deserting  their  clearing 
every  third  year.  This  practice  simply  means,  that,  where  land  is  to 
be  had  for  the  clearing,  it  pays  better  to  take  a  rapid  succession  of 
exhausting  oiopa  off  the  virgin  soil,  than  to  adopt  the  laborious  pro- 
ceeses  of  regular  cultivation.  The  forest  tribes  show  great  talent  in 
making  a  livelihood  with  the  miuimum  of  labor,  and  this  is  one  of 
the  ways  in  which  they  solve  the  problem." 

Another,  and  evidently  a  better  account  of  the  matter  is  given  in 
Captain  Forbes's  "  Tiavels  in  Bunna"  :  "  The  great  peculiarity  of  all 
the  '  hill  tribes'  of  India  is  tbeir  unsettled  and  ever-changiog  mode 
of  life.  They  are  all  '  nomadic  cultivators.'  To  raise  their  scanty 
crops,  the  virgin  forests  on  the  steep  slopes  of  the  hills  must  be 
cleared  and  burnt;  but  the  excessive  rainfall  soon  washes  the  fri- 
able soil  off  the  surface,  so  that  only  one  or  two  crope  can  be  raised 
on  the  same  spot  until  it  has  again  been  allowed  to  become  over- 
grown with  jungle,  and  a  fresli  deposit  of  earth  has  formed.  Thia 
system  of  agriculture  naturally  requires  a  large  extent  of  country. 
It  ia  not  every  hillside  that  is  fovoiable  for  cultivation ;  consequently 
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in  two  ot  throe  years  all  the  cultureble  patches  near  a  huge  village 
become  exhausted,  and  the  whole  community  raust  move  off  to  new 
localitiea,  perhaps  thirty  or  forty  milsi  away,  since  they  may  not 
tieapasa  on  what  is  regarded  an  the  range  of  another  village.  Hard 
and  bitter,  indeed,  is  the  struggle  for  life  of  these  hill  men.  Every 
year  the  dense  forest  must  be  attacked,  and  with  infinite  labor  lai^ 
tre«t,  six  feet  in  girth  and  100  to  ISO  feet  oi  more  in  height,  have 
to  be  felled,  cut  ap,  and  burnt,  to  clear  the  ground.  And  then 
fences  hare  to  be  made  to  keep  out  wild  bc^s,  deer,  and  elephaAts." 
lu  Burma  the  usual  crops  are  hill  rice,  maize,  roote^  and  greens, 
with  enough  cotton  for  domestic  use. 

Another  instance  of  extreme  extension  is  seen  in  the  old  Spanish 
ranches  of  Caliromia  and  Texas,  where  great  droves  of  cattle  were 
herded  from  place  to  place,  according  to  the  state  of  the  gross.  At 
one  time  the  only  merchantable  products  of  these  ranches  were 
hides,  horns,  and  tallow. 

The  sheep  farms  of  Australia  and  New  Zealand  exhibit  the  same 
things ;  much  land,  little  labor,  and  no  very  great  amount  of  capital 
being  devoted  to  the  production  of  wool,  ekins,  and  tallow. 

Many  of  the  moorlands  and  heaths  of  Europe  are  in  pretty  much 
the  same  category,  and  so  are  those  bmsh  &nns  of  Xew  England, 
when  the  land  is  burned  over  once  in  a  good  many  years,  and  a 
crop  or  two  grown  upon  the  ashea.  Wherever  land  is  cropped  for  a 
year  or  two,  or  for  any  small  number  of  years,  and  then  left  fallow, 
the  agriculture  is  of  course  extensive,  and  this  state  of  things  will 
usually  be  found  wherever  land  is  cheap  and  labor  costly,  where 
the  means  of  transportation  are  limited  aud  money  scarce. 

Mr.  Seebohra,  writing  at  Ust-Zylma  in  Siberia,  a  town  some 
hundreds  of  miles  east  by  north  from  Archangel,  says  the  cattle  are 
fed  principally  upon  hay,  which  is  cat  upon  low  lands  on  the  riv- 
er's bank.  These  lands  are  flooded  every  spring,  and  any  manure 
placed  npon  them  in  winter  would  speedily  be  washed  off;  nor  ii  it 
needed,  as  the  river  itself  is  the  great  fertiliser  in  these  low-lying 
districts,  just  as  the  Nile  is  in  Egypt.  The  winter  is  lon^  and  the 
length  of  time  during  which  the  cattle  are  stall  fed  bo  great,  and 
the  amount  of  upland  available  for  cultivation  so  small,  that  there 
la  always  a  large  surplus  of  manure,  which  the  peasants  do  not 
think  worth  the  cost  of  preservation.  So  much  manure  is  allowed 
to  accumulate  in  the  streets  that  the  town  is  one  vast  dung-hill, 
untjl  the  ref^ise  is  washed  away  at  the  time  of  the  sprii^  thaw, 
when  the  river  overflows  its  hanks, 
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Many  of  oar  Weetem  wheat-fielda  afford  adminblo  examplts  of 
exteuaivB  farming.  The  value  of  the  cropa  obtained  &oni  each  acre 
of  th«  land  often  seems  absurdly  small,  and  over  wide  areas  the 
crops  may  not  be  equal  in  amount,  on  the  average,  to  as  much  as 
one  third  of  what  ia  usually  harvested  in  Great  Britain;  and  yet  tba 
Western  land  ia  so  cheap,  and  the  cost  of  growing  grain  upon  it  is 
so  small,  as  well  as  the  cost  of  transporting  the  grain,  as  has  been 
said,  that  the  farmer  still  finds  so  wide  a  margin  of  profit  that 
he  has  practically  overcome  those  rivals  who  try  to  grow  grain 
intensively. 

It  does  not  necessarily  follow  that  poor  land  will  always  be  culti- 
vated extensively,  though  it  is  usually.  The  sand  dunes  of  Spain 
and  Holland,  mentioned  on  pages  56  and  S&  of  Vol.  I.,  are  excep- 
tions to  the  rule,  and  so  are  some  forms  in  the  Belgian  Campine, 
when  irrigated  and  fertilized,  as  described  on  page  178  of  Vol.  I. 
ffnuf  farmijiff  viually  Low  Farming. 

Almost  all  systems  of  farming  which  depend  upon  tbe  production 
of  hay  or  grass  are  extensive,  though  some  of  the  modem  systems, 
in  which  grass  forms  one  step  in  an  otherwise  intendve  rotation, 
should  be  excepted ;  as  well  as  some  of  the  systems  based  upon  the 
feeding  of  cattle  with  cut  green  fodder  exclusively. 

In  all  wild  or  new  countries,  extensive  farming  ia  in  some  sort  a 
necessity  of  tbe  case.  For  land  is  worth  so  little  in  those  regions 
that  it  is  cheaper  to  use  a  great  deal  of  it  to  produce  a  given  effect, 
than  it  would  be  to  obtain  this  effect  upon  less  laud  by  means  ot 
dun;;  and  tillage.  It  is  rational  and  advisable  in  such  cases  to  rely 
more  upon  the  natural  forces  whicli  are  close  aX  hand,  than  upon 
human  appliances,  such  as  labor  and  capitoL 

Low  Farming  requires  much  Land. 

There  are,  of  course,  all  shades  and  degrees  of  forms  between 
those  which  are  purely  extensive  and  those  which  are  really  gar- 
dens, so  intensively  are  they  cultivated.  But  as  regards  extensive 
forming  it  is  easy  to  conceive  of  conditions  under  which  it  will  be 
best  ta  keep  the  element  of  labor,  whether  of  man  or  beast,  as  low 
as  may  be  practicable ;  to  avoid  as  for  as  possible  all  crops  that  re- 
quire much  cultivation ;  to  send  the  cattle  into  the  field  in  the  early 
spring,  and  to  keep  tbem  out  as  late  in  the  autumn  as  may  be  con- 
sistent with  their  weliare ;— and  to  this  end  a  large  form,  L  e.  a 
great  deal  of  laud,  is  essentiuL 

There  is  less  sense  than  would  appear  at  first  sight  in  much  of 
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the  talk  against  Urge  bTou  that  fills  our  \ew  England  nswepapeis. 
Where  due  atteution  b  paid  to  the  conditions  which  control  the 
disposition  and  conduct  of  a  &nn,  the  size  of  it  is  a  matter  to  be 
regulated  solely  by  the  administratiTe  power  and  business  &cnlt;  of 
the  person  who  works  it,  and  the  amount  of  capital  at  his  diaposoL 

A  noted  French  writer  upon  agrioolture,  Moll,  has  argued  that 
the  chief  error  in  the  agrioolture  of  his  own  country  even  is  the 
employment  of  too  much  labor ;  more,  he  says,  than  the  mediocre 
&ri>ility  of  the  land  will  justify.  It  is  to  this  cause,  among  others, 
that  he  attributes  the  decline  of  la^  &rms  in  France ;  the  compar- 
atively costly  hired  labor  of  the  great  farms  canuut  compete  with 
the  fomUy  labor  of  peasant  proprietors. 

L(KalU.i«*  Jit  for  High  Farming. 

It  is  on  rich  soils,  and  upon  tolerably  good  soils  new  a  quick 
market,  i.  e.  either  in  the  vicinity  of  densely  populated  places,  or 
where  from  a  favorable  climate,  or  some  other  peculiar  circumstance, 
some  special  crop  can  be  made  to  prosper,  that  intensive  &nning 
finds  its  place.  In  the  Champagne  wine  region,  in  our  own  cottos 
and  tobacco  districts,  and  upon  the  Cuban  sugar  i^antations,  higb 
forming  pays,  though  it  is  not  always  practised.  It  is  seen  at 
ifs  beet  in  England,  Scotland,  Belgium,  and  Saxony,  where  good 
land,  abundant  capital,  and  dense  populations  are  coincident.  It 
would  be  palpably  absurd  to  practise  the  Flemish  garden  hus- 
bandry in  a  sparsely  settled  country,  far  from  any  great  centre  of 
population. 

European  writers  tell  of  &rms  in  some  parts  of  France,  and  in 
the  mountainous  regions  of  Germany,  where  the  labor  of  3  men 
and  2  hoisea  is  sufficient  for  250  acres  of  land,  while  in  the  market 
gardens  around  Paris  the  labor  of  700  men  and  120  horses  is  ex- 
pended on  that  amount  of  laud.  But  in  both  instances  the  farming 
ia  excellent. 

Mr.  Curd  holds  that  the  maximum  of  fertility  for  England,  taking 
land  in  its  natural  state,  is  a  rich  pasture  capable  of  &ttening  an  ox 
and  two  sheep  on  an  acre.  Such  soils  are  exceptional,  though  met 
with  in  meet  counties.  He  cites  the  Pswlet  Hams  in  Somersetshire^ 
which  is  a  tract  of  rich  alluvial  soil  on  the  river  Parrott,  stretching 
along  the  seaboard.  It  is  in  permanent  posture,  and  lets  for  $25 
or  (30  the  acre  for  glaring.  Some  of  the  marsh  lands  of  Sussex 
and  Kent  are  of  equal  value.  The  minimum  of  fertility  he  exem- 
plifies by  a  bleak  mountain  pasture,  where  ten  acres  will  barely 
vol.  II. —  21 
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maintaia  one  email  eheep.  He  adda  that  the  artificial  maximnm 
and  minim  am  of  fertiUty  vhich  result  irom  the  treatment  of  soils  of 
the  same  qoality  may  be  UlueliBted  by  teking  two  of  the  experi- 
menta  of  Mr.  Lawee.  The  avetage  of  the  last  twelve  years  oat  of 
thirty  gives  the  following  leenlta :  — 

Onlti.      Btni*.       ToM. 

lb.  lb.  Itt 

Whe&t,  avenge  oflut  13  yeara,  no  maonre    .     .     .        730     1,120     1,8S0 

withspecUlmannni    2,Si3     4,KB     7,270 

The  soils  were  similar,  strong  land  on  clay,  with  chalk  below ;  the 
management  was  the  same,  and  all  the  other  circamstancea.  The 
only  difierence  was  that  then  was  do  manure  for  thirty  years  iit 
the  one  case^  and  an  abundance  of  manure  in  the  other.  Three 
times  as  much  grain,  and  four  times  as  much  straw,  were  got  by 
the  expenditure  of  an  amount  of  manure  which  gave  a  profit  of 
100  per  cent. 

Few  Farms  are  purely  BxttTmtt. 

In  reality  comparatively  few  fiirma  can  be  found  every  acre  of 
which  is  cultivated  intensively,  and  there  are  hardly  any  farme  that 
are  wholly  destitute  of  patches  of  garden  ground,  devoted  to  what, 
for  the  s^e  of  contrast,  may  he  called  high  fanning.  The  true  rule 
in  every  case  is  that  that  style  of  farming  should  predominate  which 
yields  pennanently  the  largest  profit.  It  is  quite  right  withal  that 
th^e  shonld  be  a  marked  contrast  between  the  mun  body  of  a  farni 
cultivated  extensively,  and  the  garden  patchee  npon  it.  All  the 
manure  which  is  to  be  had  upon  such  a  farm  should  be  devoted  to 
the  dressing  of  a  comparatively  small  area  of  the  beet  land.  It  is 
usually  better  in  anch  cases  to  manure  10  acres  of  land  thoroughly, 
than  20  acres  insuflSciently ;  for  by  the  former  plan  only  about  half 
the  labor  that  would  be  required  by  the  latter  will  be  expended. 

This  is  the  argument  to  apply  to  our  New  England  conditions. 
Instead  of  joining  in  the  common  cry  in  favor  of  smaller  fenns,  it 
will  be  well  to  urge  careful  cultivation  of  the  best  portions  of  tlio 
existing  brms^  and  an  extensive  treatment  of  the  remainder.  Much 
good  might  be  done,  no  doubt,  at  small  cost,  by  taking  pains  to  im- 
prove b<^  meadows,  and  those  old  pastures  which  are  capable  of 
improvement,  and  by  &voring  the  growth  of  wood  upon  those  por^ 
tions  of  the  land  which  are  worthless  for  other  crepe ;  but,  speaking 
in  genera]  terms,  it  is  not  likely  that  the  character  of  the  agricultnre 
of  this  section  will  undergo  any  very  material  changee  for  a  lon^ 
time  to  come. 
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It  is  not  easy  at  auy  time  to  chsnge  the  husbandry  of  a  sectioD 
of  country,  or  of  a  fitrm,  all  at  once,  irom  extensive  to  intensive. 
Excepting  the  cases  where  land  may  be  dnuned  or  irrigated,  much 
time  and  patience  are  rei^uiTed  to  bring  up  poor  Isnd  to  a  medium 
etste  of  fertility,  even  when  the  physical  conditions  ara  faTomble. 
But  that  even  the  poorest  land  can  after  s  while  be  made  fertile  is 
well  shown  in  the  gardens  about  dwelling-houses.  It  has  been 
often  remarked  of  European  forma,  that,  if  one  were  to  judge  of 
the  land  of  a  district  by  the  Inxuriaut  vegetation  sTound  the  farm- 
housea,  he  would  usually  be  grossly  deceived.  The  gardens  are 
constantly  receiving  fertilizing  materials,  both  intentionally  and 
without  forethonght  The  refuse  that  falls  from  a  bouse,  in  the 
course  of  generations,  is  of  iteelf  sufficient  to  fertilize  an  appreciable 
patch  of  desert,  provided  only  that  the  land  can  be  kept  fairly 
moist,  and  that  poultry  are  kept  away  from  it. 
Moitture  euential  to  FertUiti/. 

It  would  be  idle,  however,  without  control  of  water,  to  expect 
heavy  crops  from  poor  land,  or  to  apply  forcing  manures  to  such 
land  in  the  hope  of  groat  profit.  No  laud  can  he  made  to  pass  for 
more  than  it  is  worth,  or  to  do  better  than  it  can.  For  each  and 
every  kind  of  laud  there  is  some  one  best  possible  rate  of  applying 
manure,  and  the  rate  for  poor  land  is  very  different  from  that  for 
rich  land.  It  is  precisely  this  consideration  that  naturally  leads  the 
former  to  devote  hia  energies  to  the  best  lands  upon  bis  estate,  and 
to  let  the  poorest  lands  remain  as  wood  or  pasture.  The  argument 
in  &vor  of  intensive  culture  upon  a  small  portion  of  on  "  extensive  " 
form  is  a  mere  continuation  of  the  same  general  idea. 

Thf  Character  of  a  Far^t  not  to  he  changed  all  at  once. 

The  true  way  of  changing  from  "  extensive  "  to  "  intensive  "  cul- 
ture would  he  gradually  bi  enlarge  the  amount  of  land  upon  the 
farm  that  ia  cultivated  intensively,  i.  e.  as  fast  as  the  thing  could 
be  done  profitebly.  There  is  one  reason  why  this  change  should 
not  be  made  rapidly  upon  any  single  farm  which  is  often  lost  sight 
of  by  amateur  farmers,  and  that  Is  the  fact  that  it  is  rarely  worth 
while  (from  the  commercial  point  of  view)  to  make  a  single  farm 
very  much  better  than  the  farms  that  sarround  it.  The  price 
of  every  farm,  no  matter  how  good  the  farm  may  be,  is  largely 
dependent  npon  the  price  of  the  ne^hboring  farms.  No  rapid 
improvements  in  the  quality  of  a  f^rm  can  be  mado  except  at 
considerable  cost.     But  the  capital  expended  could  hardly  be  re* 
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covered  on  selling  the  farm,  unless  the  neighboring  &rmeTe  had  at 
the  same  time  improved  the  chaiacter  of  their  possessions. 

The  more  intelligent  and  appreoiative  the  man  might  be  who 
proposed  to  buy  the  improved  farm  and  settle  in  this  supposed 
neighborhood,  so  much  the  more  likely  vould  he  be  to  argue  "  what 
man  has  done,  man  can  do."  He  would  probably  rather  buy  one 
of  the  poor  forms  and  seek  to  improve  it,  than  to  purchaee  the 
property  which  had  been  already  improved. 

It  ia  not  to  be  understood  that  the  argument  is  directed  against 

tbe  improvement.     It  is  UT^ed  only  that  changea  must  be  gtadoal 

to  be  healthy,  and  that  no  one  man  can  all  at  once  alter  tbe  h&biti 

and  customs,  and  the  atandard  of  value,  of  his  neighborhood. 

Couiratt  between  Cott  of  Crops  from  Good  Land  and  Poor. 

The  following  computation  as  to  the  comparative  coat  of  growing 
wheat  when  feebly  or  fully  manured,  is  taken  from  tbe  French  ot 
Malsguti  and  Lecouteux.  Tt  may  serve  to  illustrate  the  propor- 
tion that  labor  may  usually  be  expended  to  much  better  advantage 
upon  good  land  than  upon  poor  land,  and  that,  as  a  mere  esteneioa 
of  the  aame  idea,  it  is  mora  profitable  to  manure  a  small  field  geu- 
Mously  than  a  large  one  insufSciently. 

Starting  with  s  five-acre  field,  the  idea  is  to  manure  the  land  in 
euch  a  way  that  tbe  wheat  crop  (when  its  turn  cornea  in  the  rota^ 
tion)  sball  absorb  26,400  lb.  of  manure  from  one  half  the  field,  and 
44,000  lb.  from  the  other  half.  It  is  admitted  that  every  10  lb.  of  ' 
manure  absorbed  stand  for  a  yield  of  1  lb.  of  wheat,  so  that  the 
manure  upon  the  lightly  manured  half  of  the  field  will  give  a  crop 
of  2,640  lb.,  or  say  43  bushels,  of  wheat ;  while  that  upon  the  half 
which  was  mora  heavily  manured  will  give  a  yield  of  4,100  lb.,  or 
over  70  bushels,  of  wheat 

Admitting,  furthermore,  for  the  sake  of  the  argument,  that  the 
manure  coats  a  little  more  than  7|  cents  the  100  lb.,  the  2,640  lb. 
of  wheat  (due  to  the  26,400  lb.  of  manure)  will  have  cost  $19.20 
on  account  of  manure,  and  in  tbe  same  sense  the  4,400  lb.  of  wheat 
(due  to  the  44,000  lb.  of  manure)  will  have  cost  |32. 

But  tbe  cost  of  a  crop  does  not  depend  alone  upon  that  of  the 
manure.  There  are  a  number  of  other  items  to  be  taken  into  the 
account,  such  as  labor,  seed,  ground-rent,  and  interest  on  the  capital 
employed ;  and  the  sum  of  these  expenses  added  to  the  cost  of  the 
manure  will  raise  to  (1.40  the  cost  of  each  bushel  of  wheat  har- 
vested on  tbe  lightly  manured  half  of  the  field,  while  the  cost  of 
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«aeb  bushel  of  grain  harvested  on  the  richly  manured  huid  will 
be  tl.25. 

Beckoning  the  straw  u  worth  $3.60  &  ton,  and  that  then  are 
132  lb.  of  it  for  each  bushel  of  wheat,  tfae  cost  of  the  bushel  of 
grain  will  be  reduced  to  $1.16  and  to  tl-OO  in  the  two  caeee. 

Finally,  if  the  wheat  is  sold  at  $1.20  the  bushel,  and  the  strew 
at  $3.60  the  ton,  the  profit  on  that  half  of  the  field  which  wee 
lightly  nuuinred  will  be  $1.60,  and  the  profit  from  the  half  of  the 
field  which  was  well  manured  will  be  $16.40. 

A  prominent  farmer  in  the  district  of  Brie,  in  France,  who  is  said 
to  practise  high  fdrming  in  a  skilful  way,  baa  recently  stated  that 
he  could  afibrd  to  sell  wheat  at  tl-13  the  bushel  when  the  yield  ia 
40  busbals  to  the  acre;  at  $1.33,  when  it  is  34  bushels;  and  at 
$1.60,  when  it  ia  28  btiabela. 

Manifestly,  there  might  he  a  decided  advantage  in  cultivating 
this  crop  intensively  on  that  brm  were  it  not  for  the  competition 
of  American  wheat,  which  was  aaid  to  cost  at  the  time  about  $1.13 
the  bushel  when  landed  in  France. 

So,  too,  with  Indian  com.  As  long  ago  as  1841,  Mr.  Colraui,  in 
his  Ith  Keport  on  the  Agriculture  of  Massachusetts,  page  SO,  gave 
estimates  of  the  cost  of  cultivating  an  acre  of  com  in  the  Connect- 
icut Valley,  one  of  which  was  essentially  as  follows ;  — 

PrepKrstoty  plongfaing  i&d  hsirowing ffi.OO 

}'iT«  cords  of  brmyud  maunre 12.00 

CutiDg  the  maonre  sod  pnttiDg  it  in  the  hilU  ....      1.00 

Seed  and  planting 1.76 

CaltlTattng  and  hoejng S.OO 

Ostheiing  and  huaking G.SO 

Interest  on  laud  and  taxea 8.00 

$30.2E 
The  crop  wa*  40  bnsheli  of  ahetled  com,  —  and  stalks 

(ttover)  ettimated  to  be  eqiul  hi  vbIqb  to  1  ton  of  hay  >    10.00 

Aetnalcoit  of  40  basbels  of  eoni t2S.3S 

Actual  con  of  1  biuhel  of  com 0.78 

Mr.  Oolraan  remarks,  that  "  the  judgment  of  some  of  the  most 
intelligent  farmers  of  this  vicinity  places  the  average  yield  of  corn 
at  35  bushels  to  the  acre," 

'  According  to  the  unal  allowance,  that  100  lb.  of  *tOT«r  are  hirraatsd  for 
each  bnahel  of  ahelled  com,  there  woold  have  been  S  torn  of  atalki  in  tills 
oate,  worth,  accordiDg  to  the  pnacnt  manner  of  eetimatlng,  aome  916  to  tSO, 
which  would  reduce  the  cost  of  the  com  to  the  nei^borhood  of  GO  centa  the 
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In  contrast  with  the  foregoing  may  be  dted  ft  crop  nf  com  grown 
on  9}  acres  of  load,  by  Mr.  E.  F.  Bowditch  of  Framingham,  in  167A.' 
The  round  figures  given  in  the  table,  as  obtained  by  reducing  to 
one  ftcra  Mr.  Bowditch's  estimate  of  the  entire  crop,  are  uot  liter&Uy 
correct,  nnce  they  indicate  that  his  crop  cost  rather  more  than  was 
actually  the  case.  They  are  given  here  merely  for  the  sake  of 
oomparison. 

PrepuatoTy  ploughing  and  harrowing 9G.0O 

Fertilizers,  viz.  403  lb.  of  aulpliate  of  inimoiiii,  177  lb. 
nf  mniiata  of  potub,  and  143  lb.  of  bons-bluk  treated 

with  Bl  lb.  of  sulphuric  acid 8S.0O 

MiitQg,  carting  and  ipreading  ferttliiei'S 1.40 

S«ed  and  planting 1.00 

Culttvating  and  hoeing 6.00 

Cutting  and  stooking S.OO 

Htukiug 11.60 

Stowing  th«  (lover 7-60 

Interest  on  land  and  taifti   ' E.50 

«73.$0 
The  crop  was  lIS^boBhela  of  sbellcdcom,  — and  G{  tons 
of  stoTeT,  which  WIS  reckoned  to  b«  worth  at  #8  the  bin    4fl.0Q 

Actual  cost  of  the  115^  bushels  of  com 927.60 

Actual  coot  of  1  bushel  of  com 0.2i* 

This  large  crop  vas  grown  upon  grass  sod  which  had  had  no 
manure  for  three  years,  and  which  had  been  ploughed  under,  seven 
inches  deep,  in  the  autumn  of  1874.  The  soil  was  a  dark-colored 
loam,  upon  e,  sandy  clay  subsoil.  One  half  of  the  mixture  of  fertil- 
izers was  spread  broadcast  in  the  spring  of  1875,  and  the  other  half 
strewn  in  the  drills  and  covered  with  the  foot  before  the  seed-com 
was  dropped  by  hand.  The  forcing  effect  of  the  large  dressing  of 
sulphate  of  ammonia  is  manifest. 

In  respect  to  root  crops,  the  contrast  between  proper  and  im- 
proper manuring  can  be  shown  even  more  emphatically,  perhaps, 
than  with  grain  crops,  for  it  is  manifest  that  the  labor  expended  in 
cultivating  and  harvesting  Urge  roots  must  be  proportionally  small. 
Five  tons  of  turnips  waiting  to  be  lifted  from  one  acre  of  land  will 
commend  themselves  more  than  a  considerably  larger  quantity  scat- 
tered over  three  acres.  Of  the  two  crops  of  potatoes  contrasted  la 
the  foUowing  table,  the  smaller  is  copied,  with  modifications,  tram 
'  Abstnct  of  Retame  of  If  taatchaaBtls  Agricultural  Sodeties,  187G,  p.  IM. 
*  Hr.  Bowditch's  more  precisefignns  ^re  S3.4  cents  as  the  ccet  of  one 
bushel  of  the  com. 
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one  of  Mr.  Colman's  examples  of  tbe  cost  of  growing  this  crop  in 
Middlesex  County,  Masa.,  and  the  larger  is  a  crop  grown  by  Mi. 
David  Whiton  of  Hingham,  in  1874.  The  figurea  all  lelate  to  one 
acie  of  land. 

OOTLIY. 

Coliuii.  Whlloo. 

Preparatory  ploDgUnguid  bamnring $fl.BO  fe.OO 

Hannre IS.OOi  71. 00* 

B«ed  and  pUnttag 7.S0  SO.fiO 

Caltivating  and  hoeing G.OO  IS.OO 

Diggiift  ^ S.0O  S0.00 

Inoohk. 
In  Colman'a  caae,   ISO  buahala  of  potatoea  wera 

harveated,  worth  aaj  SO  centa  the  bnahe]  ■     ■    .     $7G.OO 
In  Hr.  Whitou'a  case,  iSH  buahala  ware  obtaiued, 

the  potatoea  being  ' '  very  amooth  auil  Tery  ereu 

throughout  the  piece " .    fSSO.SO 

Aa  a  matter  of  course,  such  reasoning  as  the  foregoing  can  only 
apply  to  foirly  good  Und.  As  everybody  knows,  there  is  a  limit 
beyond  which  no  profit  can  be  guned  by  manuring  more  heavily. 
Mr.  Lanes  haa  stated  the  matter  very  well  in  the  following  terms  : 
"  Many  of  the  charges  connected  with  &rming  are  much  the  same, 
whatever  may  be  the  value  of  the  crops  grown.  Of  course  it  costs 
something  more  to  harvest  a  large  crop  of  grain  than  a  small  crop, 
and  the  expenses  on  a  heavy  crop  of  roots  will  bo  somewhat  greater 
than  on  a  light  one.  Still,  it  may  be  said  with  truth,  that,  with  the 
exception  of  the  money  paid  for  manure  to  grow  the  larger  crops, 
the  charges  remain  very  much  the  same,  no  matter  whether  the 
amount  and  value  of  the  produce  is  large  or  small.  Hence,  if  the 
increase  of  produce  did  but  stand  in  a  constant  proportion  to 
the  amount  of  manure  applied,  that  is  to  say,  if  the  application  of 
two  or  three  times  as  much  manure  would  but  double  or  treble 

1  Eigfateca  load*  of  bamyaid  mannre,  of  which  twelve  loads  were  apread, 
and  fix  loads  were  pot  in  the  hilts. 

*  Hr,  WhihiD'a  potatoas  were  grown  npon  darli-iroIoredgrsTeUyloam,  which 
was  in  graaa,  withont  manure,  in  1872,  and  in  1S73  alao  until  Anguet  I,  when 
It  waa  plonghed  10  inches  deep  and  dressed  with  lEO  bunbeU  of  mannnt  from 
a  barn  cellar  for  millet,  which  yielded  two  tons  of  ha;.  In  April,  1874,  four 
ton*  of  rockweed  wst«  plooghad  in  7  inches  deep.  After  harrowing  the  land, 
torrowa  were  drawn,  and  BOO  buahela  of  twm-ceUar  manure  were  spread  in 
them.  After  planting  the  seed  potatoea,  a  small  handrol  of  phoaphatv  (SOO  lb, 
in  all]  waa  acattered  over  each  act  It  will  b«  noticed  that  the  Und  wta  left 
highly  cha:;ged  with  manure  for  the  use  of  aucceeding  cropa. 
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th*  crop,  theB  liigli  and  ever  higher  fanulng  would  be  a  lemedf  for 
low  prices." 

There  is  no  need  to  insist  how  narrow  the  scope  of  this  reasoning 

is.     The  moment  a  certain  limit  is  passed,  the  cost  of  the  manure 

required  to  bring  a  given  amount  of  gain  increaaae  much  more 

rapidlf  than  the  proportion  of  the  fixed  expensee  diminishes. 

Faming  of  Pioneert. 

It  often  happens,  when  a  country  is  first  settled,  that  the  inhaV 
itante  gain  money  by  lumbering,  or  fishing,  or  even  by  hunting  and 
that  the  ianus  ore  made  to  depend  almost  entirely  upon  the  natural 
forces  of  the  soil,  i.  e.  crops  ate  grown  without  manure,  and  cattle 
are  maintained  upon  wild  pastures  and  upon  the  hay  of  bog  meadows, 
prairies,  or  salt  marshes.  If  the  conntiy  is  broken  and  hilly,  or  if 
its  soil  is  poor,  pasturing  or  lumbering  in  one  form  or  another  may 
foraver  continue  to  be  the  prevailing  occupations,  as  is  seen  to-day 
in  the  Tyrol,  in  Switzerland,  Norway,  Sweden,  Canada,  Maine^  and 
New  Hampshire. 

It  may  be  stud  of  this  primitive  husbandry,  that,  if  uncontrolled 
fires'  could  be  prevented,  land  devoted  solely  to  wood  and  to  pastur- 
age, and  so  protected  from  being  washed  away  by  lains,  would  not 
deteriorate  so  rapidly  as  is  the  case  in  some  of  the  better  defined 
syatems  of  extensive  farming.  Trees,  in  particular,  obtain  their 
food  at  comparatively  great  depths  and  from  wide  distances,  and 
are  consequently  less  apt  to  exhaust  the  soil  than  crops  which  act 
more  auper&cially.  It  is  well  to  consider  what  large  amounts  of 
produce  are  obtained  from  the  land  by  fruit  trees  in  Torioas  parts 
of  the  world, — L  e.  by  apples,  pears,  plums,  peaches,  aprioots,  olives, 
chestnuts,  oranges,  lemons,  walnuts,  dates,  etc,  —  and  to  reflect  how 
small  a  proportion  of  manure  is  expended  upon  these  crops.  It  is 
only  with  the  advent  of  methods  of  farming  which  leave  much  land 
bare,  oi  where  crops  are  continually  carried  off  from  the  land  with- 
out any  compensation,  that  the  soil  need  begin  to  sufi'er  much. 

It  is  noticeable  that,  generally  speaking,  the  gross  product  of 
woodland  is  less  than  is  obtained  when  the  same  land  is  devoted  to 
agricultural  crops.  According  to  Boussingault,  a  forest  in  the  Yosges 
produces  annually  some  3,000  lb.  of  dry  wood  to  the  acre ;  while, 
taking  one  year  with  another,  the  same  soil  would  yield  of  dry 
products  to  the  acre,  if  it  were  devoted  to 

Wheat  (and  rtiaw) S.GOOlb. 

Hsy ^900" 

OoTer  or  laceni 4,500  " 
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Excepting  veiy  fertile  praiiie  countriea,  it  has  not  nguAlly  hap- 
pened that  any  veiy  abrupt  ot  sudden  transition  &om  the  oondition 
of  woodland  or  of  pasture  to  that  of  arable  loud  has  occurred.  On 
the  contrary,  the  tvo  systems  of  huabondiy  ordinarily  shade  into 
one  another  by  insensible  degrees.  The  earlier  settlers  till  a  po> 
tiou  of  the  posture  or  the  woodland  for  a  few  years,  until  it  begins 
to  ran  out,  and  then  they  leave  the  land  to  itself  for  a  term  of  years, 
during  which  it  reverts  to  grass  or  to  wood,  as  the  case  may  be. 
This  system  in  its  turn  gradually  changes  to  one  of  rotations,  in 
which  bare  fidlows  are  numerous,  and  these  fallows,  in  Enropeau 
experience,  have  come  to  be  fertilized  in  due  course;  at  first  by 
folded  sheep,  pud  theu  by  fermyard  manure. 

Oood  Land  depreci<Uet  but  iloaly  by  Crt^piMg. 

The  experiments  of  Lawes  and  Gilbert  have  taught  a  highly  in- 
structive leeson  as  to  the  slow  rate  of  exhaustion  of  really  good 
land  when  it  is  cropped  continually  without  being  manured.  For 
more  than  forty  years  they  have  grown  grain  crape  incessantly  with- 
out mannie,  apon  what  was  originally  good  wheat-land,  and  during  • 
all  this  period  the  crops  have  fallen  off  at  the  rate  of  from  J  to  ^  of 
a  bushel  to  the  acre  each  year.  This  decline  they  attribute  almost 
wholly  to  the  gradual  using-up  of  the  nitrogen  that  was  originally 
stored  in  the  soil.  It  will  be  noted  that  although  a  third  of  a  bushel 
of  grain  to  the  acre  may  eeem  no  great  matter  when  only  a  single 
year  ia  looked  at,  this  annual  decline  will  amount  to  ten  bushels  to 
the  acre  at  the  end  of  thirty  years,  which  is  a  quantity  well  worth 
mannring  for. 

Cavtet  of  "Improved"  Farwing. 

AUbougb,  theoretically  speaking,  it  might  be  possible  to  keep 
land  in  good  heart  by  either  of  the  methods  of  farming  above  cited, 
jirovided  only  the  land  were  left  at  rest  during  sufSciently  long 
perionls,  and  were  protected  from  lire,  and  from  washing  by  rain,  it 
is  none  the  less  true  that  in  reality  men  are  not  thus  care-taking. 
They  squeeze  from  the  land  what  tliey  can  get,  and  they  are  quite 
right  in  doing  so,  provided  they  do  not  prese  too  hard.  They 
seek  always  the  highest  profit  from  the  land,  and  when,  through 
increase  of  population,  the  time  comes  for  getting  profit  by  treating 
land  more  generously,  it  Lappwns  that  what  are  commonly  called 
improved  methods  of  husbandry  will  be  slowly  established.  The 
reason,  by  the  way,  why  the  more  recent  methode  are  called  "im- 
proved "  is,  that  fit  alterations  and  adaptations  of  old  methods  to 
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meet  changed  ciicumstancee  and  new  leqniiemeDta  are  never  gener- 
ally adopted  into  a  district  so  rapidly  as  they  might  be.  There  is 
always  need  of  much  debate,  as  well  as  criticism  and  condemnation 
of  the  older  processes.  Usually,  many  yean  must  pass  by  before  a 
prevailing  system  of  husbandry  can  anywhere  be  changed ;  and, 
for  that  matter,  perhaps,  there  is  no  place  in  the  world  where  the 
system  in  vogue  is  everything  it  should  be.  It  has  been  well  said, 
that  men  may  he  improving  old  methods  perpetually,  and  yet  the 
amount  of  good  in  the  world  remain  much  the  same. 

PiHCtically  the  earlier  methods  of  Arming  do  tend  slowly  to  de- 
preciate the  soil.  It  is  only  when  methods  are  adopted  which  are 
based  upon  green  fallows  and  stock  keeping,  or  on  irrigation,  or  the 
use  of  artificial  fertili7«ra,  that  the  fertility  of  land  is  fnlly  kept  up. 

This  point  is  well  illustrated  by  a  letter  from  Jeffetson  to  Wash- 
ington, written  in  1794.  "I  find,"  be  says,  "that  a  ten  yean' 
abandonment  of  my  lands  to  the  ravages  of  overseers  has  brooght 
on  them  a  degree  of  degradation  &r  beyond  what  I  had  expected. 
As  thie  obliges  me  to  adopt  a  milder  course  of  cropping,  eo  I  find 
that  they  have  enabled  me  to  do  it  by  having  opened  a  great  deal 
of  land  during  my  absence.  I  have  therefore  determined  on  a 
division  of  my  &rms  into  six  fields,  to  be  put  under  this  rotation : 
1st  year,  wheat ;  2d,  com,  potatoes,  and  peas ;  3d,  lye  or  wheat, 
according  to  cireumstances ;  4th  and  5th,  clover,  where  the  fields 
will  bring  it,  and  buckwheat  dressings  where  tbey  wilt  not;  6ib, 
folding  and  buckwheat  dressing.  But  it  will  take  me  from  3  to  6 
years  to  get  this  plan  under  way.  The  maxim,  '  Slow  and  but^'  ia 
not  leaa  a  good  one  in  t^riculture  than  iu  politics." 

LcauUordt  ttrive  to  nutain  thrir  Land. 

The  tenure  of  land,  that  is  to  say,  the  manner  iu  which  land  is 
held,  baa  often  had  an  enormous  influence  upon  the  maintenauce  of 
fertility.  A  certain  tendency  to  "  run  out "  farms,  which  is  notice- 
able in  this  country,  while  in  Europe  the  rule  is  to  "  keep  tbem  up," 
doubtless  depends  in  great  measure  upon  the  difi'erent  tenures  in 
the  two  countries.  Whenver  there  are  landlords  and  tenants,  the 
former  will  look  out  more  or  less  careMIy  for  the  permanent  inter- 
ests of  the  soil,  hut  in  this  country  there  have  practically  been 
comparatively  few  people  to  represent  the  landlord's  interest,  for 
the  attachment  to  localities  is  so  slight,  and  land  so  abundanli 
that  not  many  of  our  people  have  cared  to  consider  whether  their 
land  was  treated  with  absolute  justice. 


jbvGooglc 


KO  ROTATION  NEAB  LOSDOS.  381 

Kxtd  RUalioM  a  Sjfmptom  of  Cotuenutive  Farming. 

In  countriea  not  given  over  to  the  commeici&l  activity  of  modem 
times,  in  all  easy-going  countriea,  such  as  the  England  of  a  oentnry 
ago  or  the  Germany  of  thirty  years  since,  there  is  a  strong  ten- 
dency for  systems  of  husbandry,  as  well  as  eveiything  else,  to  crys- 
tallize out  into  definite  and  seemingly  permanent  forms,  depending 
upon  the  conditions  and  circumstances  which  obtain  in  the  different 
districts.  This  fact  is  very  well  illnstrated  by  the  various  systems 
of  farming  which  were  followed  in  England  at  the  close  of  the  last 
century,  at  the  time  when  Matehall  and  Yonng  travelled  through 
thst  country  and  published  their  observations.  It  is  manifest  that 
at  that  time  each  special  district  had  settled  down  into  some  one 
definite  style  of  farming,  which,  while  it  kept  the  land  from  ran- 
ning  out,  and  eo  satisfied  the  landlords,  did  at  the  ssms  time  afford 
profit  to  the  former. 

In  many  of  the  interior  districts  of  England  there  were  definite 
systems  of  rotation,  varying  as  to  their  details  according  as  they 
were  based  solely  npon  the  dung  of  neat  stock  or  of  sheep,  or  upon 
the  nee  of  lime  or  marl  in  addition  to  the  dungs.  Bat  in  the 
vicinity  of  London  there  was  even  then,  as  has  been  said  under 
the  head  of  Rotation,  no  definite  rotation  of  crops,  and  the  system 
of  farming  was  dependant  npon  marnite  obtained  from  the  city,  — 
and  it  had  been  so  dependent  time  ont  of  mind.  Thus  Uarehall, 
writing  in  1799,  says  :  — 

"The  conree  of  practice  in  the  Vale  of  London  may  be  said  to  be  alto- 
gether without  regularity.  What  marks  the  practice  of  this  part  of  the 
kingdom  is,  that  the  same  lands,  thongh  in  a  state  of  enclosuTe  and  equally 
adapted  to  gnin  and  herbage,  have  been  contiiiued,  perhaps  for  agex, 
either  under  a  course  of  arable  management  or  in  a  state  of  perennial 
herbage,  and  have  not  been  changed  from  gnus  to  grain  and  grain  to 
herbage,  conformably  with  the  practice  of  most  other  enclosed  districts.'' 

"^  Improper  as  this  plan  of  management  would  be  in  oidinary  situa- 
tions, where  the  land  has  nothing  but  its  produce  to  depend  npon  for  its 
support ;  it  would  be,  under  due  limitation,  perfectly  right  in  the  neigh- 
borhood of  the  metropolis,  or  of  other  large  towns^  where  the  herbage 
of  (dd  grass-lands,  whether  for  hay  or  pasturage,  is  required,  and  where  a 
supply  of  manuie  con  be  had  to  keep  up  the  arable  lands  in  sufficient 
condition  without  permittiog  them  to  renew  their  strength  occasionally 
in  a  state  of  herbage." 

In  like  manner  there  was  not  at  that  time  any  definite  vjt^itL 
of  rotations  in  tba  more  backward  districts  of  England,  where  pastur- 
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age  waa  tlie  prominent  bosiaess.  In  Yoriubin,  ftt  th«  doM  of  the 
last  ceutur;,  Manhall  coold  not  find  an;  regular  course  of  crop& 
Stieep  and  cattle  wen  pasturud  throu};h  the  summer,  and  there  waa 
gmse-land  enough  to  provide  hajr  for  their  winter  support ;  but,  a^ 
is  the  case  today  in  most  parts  of  New  England,  none  of  the  grass- 
land was  broken  up  until  it  had  become  unproductire. 
Exampla  of  Old  Eityli*K  Farming. 
Under  the  head  of  dotation  the  system  of  huaboDdry  pnetiaed  in 
Norfolk  County  has  already  been  described.  It  was  grain,  turnips, 
grain,  cloYer,  —  the  tumipa  and  clover  going  to  support  btting 
cattle,  whose  dung  went  to  fertilise  the  grain-fields.  In  the  Midland 
Counties  of  Enghmd  a  somewhat  different  system  was  employed. 
Tlie  soil  there  is  k  deep  sandy  loam,  and  the  farms  were  devoted  to 
grain,  dairying,  and  cattle-breeding.  The  rotation  was  one  from 
grass  to  grain,  as  has  been  mentioned.  In  &ct,  the  system  had 
some  slight  points  of  resemblance  with  that  which  now  prevails  iu 
New  England,  except  that  moat  of  the  grass-land  was  pastured,  ouly 
a  comparatively  small  amount  of  hay  twlng  there  needed  in  order 
to  keep  stock  through  the  mild  winters.  The  plan  was,  greensward 
for  6  or  7  years,  followed  by  oats,  wheat,  and  barley,  then  grass 
again.  It  may  be  regarded  as  the  old  Yorkshire,  or  the  present 
New  England  practice,  systemati2ed  and  reduced  to  line  and  rule, 
though  perhaps  not  very  wisely,  on  account  of  the  repeated  grain 

AU  Forage  should  be  put  (o  Uu, 

It  is  important  not  to  lose  sight  of  the  conception,  that,  wherever 
possible,  a  farm  should  be  conducted  in  such  manner  that  every- 
thing produced  upon  it  may  be  turned  to  profit.  This  idea  seema 
self-evident,  but  it  is  by  no  means  always  acted  upon.  In  some 
parts  of  Ohio,  fur  exsmple,  and  the  adjacent  States,  it  commonly 
happens,  even  now,  in  the  grain-growing  regions,  that  very  much 
more  coarse  forage  is  produced  than  there  is  any  use  found  for.  The 
fkriQ  animals  are  wiutured  on  corn-stalks  and  straw,  togetbw  with 
a  little  clover-hay  and  grain,  though  most  of  the  bay  is  fed  to  work- 
ing horses  in  the  autumn  and  spring.  But  no  pretence  is  made 
of  using  more  than  a  small  part  of  the  straw,  not  even  for  bedding 
or  for  manure,  and  in  addition  to  the  straw  there  are  large  quanti- 
ties of  clover^stalks ;  for  the  second  growth  of  clover  is  cut  for  seed, 
and  the  stalks  are  allowed  to  go  to  waste  unfed  and  unused. 

It  n'ould  seem  to  the  uninitiated  that  some  system  of  tumii^ 
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these  matteTB  either  into  bee(  or  mutton,  or  wool,  or  mercliai) table 
dsii;  products,  might  be  doTised.  Possibly,  ensilaged  cov  peaa,  or 
ft  similar  crop,  or  perhaps  even  enailAged  coip-stalks  plus  cotton- 
seed meal,  might  serve  as  compiementary  food  to  balance  the  straws. 
But  the  main  point  to  be  insisted  upon  is  that  the  farms,  i.  e.  the 
crops,  appear  to  stand  in  need  of  being  rearranged  so  that  they  shall 
all  pnll  together,  as  it  were. 

New  England  Farmi. 

The  &rmB  of  New  England  may  be  classed  roughly,  and  speaking 
in  general  terms,  either  as  milk  farms  or  as  sheep  farms.  A  few 
cattle  are  still  leored,  though  the  old  system  of  stock  farms  has 
practically  been  given  up,  because  of  the  importation  of  cheap  cattle 
from  Texas  and  the  West  Excepting  those  of  choice  breeds,  the 
cattle  now  reared  in  New  England  come  for  the  most  part  from  wild 
bush  forms  of  the  crudest  deeoription. 

The  best  New  England  fkrms  are  usually  devoted  to  the  produc- 
tion of  milk  to  he  sold  as  such,  or  to  be  converted  into  hatter,  or 
mora  rarely  into  cheese.  Large  qnantities  of  bay,  oata,  and  pota- 
toes are  sold  as  such,  and  in  the  vicinity  of  cities  vsrions  gaideu 
crops  are  grown.  There  are  exceptional  districts  given  over  to 
onions,  or  cranberries,  or  tobacco,  and  other  special  crops.  In  some 
places  oonsidenble  rye  is  grown ;  in  others,  beans  and  peas.  Some- 
times small  fields  of  wheat  appear,  and  almost  everywhere  more  or 
less  maize. 

Upon  some  of  the  milk  farms  small  quantities  of  roots  of  one 
kind  or  another  are  grown.  But  beyond  tltese  things,  the  agricnl- 
tnial  prodncta  of  New  England  are  meagre,  and  upon  the  whole 
the  agriculture  is  backwani  and  uninteresting,  excepting  special 
regions,  such  as  the  river  intervales  and  the  districts  manured  with 
seaweeds. 

With  the  exception  of  the  cases  last  mentioned,  it  is  seldom  that 
one  can  find  what  may  be  called  well-balanced  farms,  where  pal- 
pable advantage  is  taken  of  some  natural  resource,  or  where  the 
round  of  operations  is  manifestly  jndicious. 

Farms  batrd  on  Water  Mfodours. 

As  has  been  said,  it  is  a  common  thing  in  Europe  to  see  faruis 
based  upon  permanent  irrigated  mowing  fields.  Cattle  are  fed  upon 
the  grass,  or  wintsr-fed  upon  the  hay,  fkim  these  fields  fertilized  by 
water,  and  the  dung  of  the  cattle  goes  to  manure  the  rest  of  the 
brm,  which  may  tiius  be  mods  to  produce  grain  or  potatoes,  or 
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some  other  crop  for  nle.  This  {nactice  is  &  very  old  one,— so  old, 
indeed,  that  everybody  is  anppoeed  to  know  of  it  as  a  matter  of 
coiine ;  hence  lees  is  said  and  Tritten  about  it  noiradaTa  than  would 
be  weU.  It  is  interesting  to  obeerTe  that  thia  method  has  come  down 
directly  from  the  time  of  common  fields,  and  that  it  ii  perhaps  the 
moat  conspicuoiu  agricaltutal  inheritance  from  that  period. 

It  will  be  remembeied  that,  in  order  to  get  manure  for  theirgndn- 
fields,  the  Tillage  commoaities  maintained  permanent  water  meadowy 
and  wintered  their  cattle  on  the  hay  &om  these  meadows  tc^ther 
with  the  straw  of  their  grain  crops. 

The  success  of  the  grain-fields,  i.  e.  the  ptoeperity  of  the  village, 
praotioally  depended  on  the  size  and  quality  ot  the  meadow ;  and 
jnst  BO  in  after  years  many  a  European  farm  haa  prospered  or  do- 
teriomted  according  as  the  water  meadows  attached  to  it  were  or 
were  nut  large  enough  for  its  full  support  Manifestly,  if  only  its 
water  meadow  ba  large  enough,  a  iarm  may  be  carried  on  indefinitely 
without  need  of  buying  in  artificial  fertilizers,  or  cattle  food,  or  of 
hesitating  to  grow  and  sell  ezhauative  crops.  Xaturally  enongh, 
however,  the  tendency  has  been  so  to  arrange  farms  that  their 
meadows  alone  are  not  fully  capable  of  supporting  them.  That  is 
to  say,  it  has  been  found  more  profitable,  on  the  whole,  to  keep  a 
part  of  the  land  which  might  well  be  meadow  under  the  plough  for 
the  production  of  merchantable  crops,  and  to  make  fallow  cropo, 
rotations,  oil-cake,  and  artificial  fertilizers  play  their  parts  towatda 
keeping  the  farm  in  good  heart. 

It  is  evident,  however,  that  even  a  amall  atrip  of.  water  meadow 
may  be  mode  to  do  much  for  the  support  of  a  farm,  by  using  its 
products  judiciously  in  connection  with  other  forage  crops.  In 
New  England,  the  intervale  forms  do  in  some  messore  belong  to 
this  category.  So,  too,  do  the  salt  marshes  of  the  seaboard,  for 
they  afford  hay  naturally  without  need  of  manuring.  These  marshes 
were  very  important  adjuncts  to  the  farms  of  oar  forefathers,  and 
they  played  no  small  part  in  helping  the  early  settlers  to  maintain 
themselves  ou  this  continent.  We  may  even  go  one  step  lower  and 
include  the  rough  sedge-hay  of  fiesh-water  meadows ;  for  there  ar« 
numerous  forma  in  New  England  that  depend  in  good  part  upon 
such  bog-meadow  hay  for  wintering  their  stock.  I  have  urged  in 
the  Bussey  Bulletin,  from  chemical  considerations,  the  importance 
of  this  bay,  and  it  is  evident  from  common  oheervitiou  that  it  has 
conaiderable  value  when  properly  used. 
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loileed,  it  may  be  said  of  American  farmera,  that  they  have  in 
geoeral  distiDgniehed  tfaemeelves  chiefly  by  taking  advantage  of 
tliii^  lying  &t  the  surface.  They  have  picked  up  many  things 
that  were  lying  iu  plain  sight,  but  have  seldom  aeaiched  out  and 
made  full  use  of  loss  oonspicuoUB  treasures.  Ever  since  the  country 
was  settled,  New  Englandeis  have  been  cutting  the  natural  swamp 
aedges,  and  have  even  bad  the  foce  to  call  the  product  "meadow- 
bay";  but  they  have  not  exerted  themselves  to  establish  water 

It  is  true  that  at  one  time,  long  ago,  there  was  a  tolerably  em- 
phatic movement  toward  the  embanking  of  salt  manbee  here  in 
Massachnsetts,  and  large  tracts  of  lowland  may  still  be  seen  at 
Hingbam  and  Cohasset  upon  which  excellent  crope  of  English  hay 
were  formerly  grown  year  aftnr  year  without  thought  of  manure. 
But  most  of  the  emhaukmeuts  have  been  broken  down  by  etorms 
during  the  last  30  or  40  years,  and  the  improvements  wholly  de- 
stroyed. A  Very  large  tract  of  marsh-land  has  been  embanked 
recently  at  Marsbfield,  in  this  State,  which  would  ultimately  be 
highly  valuable  were  it  not  that  the  proprietors  are  worried  and 
disheartened  by  malicious  depredatious  and  lawsuits,  as  has  doubt- 
less often  occurred  in  the  history  of  such  enclosures  in  other  parts 
of  the  world.  Miss  Martiueau  wrote  an  interesting  child's  book, 
"  Settlers  at  Home,"  baaed  on  the  misfortunes  of  colonists  upon  the 
embanked  marshes  of  the  east  coast  of  England. 

When  marsh  land  has  onoe  been  embanked,  and  means  have  been 
provided  for  removing  the  water  that  drains  out  from  it,  some  little 
time  is  required  in  order  that  the  land  may  be  &eed  bo  completely 
from  salt  and  sulphides  that  all  kinds  of  crops  may  be  grown  upon 
it.  To  facilitate  the  sweetening  process,  ditches  are  dug  to  receive 
the  water  that  leaches  from  the  soil,  and  oare  is  taken  not  to  plough 
the  land  very  deeply  at  Brst.  By  growing  grass  and  clover  as  soon 
as  the  land  will  carry  these  crops,  the  soil  will  the  sooner  become 
at  for  supporting  other  kinils  of  plants.  Or,  best  of  all,  whenever 
practicable,  as  on  a  small  patch  of  manh  lying  at  the  baae  of  a  hill, 
and  in  places  where  the  marsh  land  is  divided  into  compartments 
by  cross  dikes,  the  saline  soil  may  be  flooded  with  freeh  water, 
after  the  draining  ditches  have  been  dug,  nnd  kept  under  water  for 
several  months,  in  order  actually  to  dissolve  out  a  good  part  of  the 
saline  matter  from  the  soil. 
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Oab  Advantage  of  Wiid  Patture: 
Even  at  the  pieeent  day,  it  ii  notioeable  that  very  manj  New 
Eogland  fanus  are  in  Mme  put  supported,  miicli  as  the  common 
fields  of  the  village  commniuties  were,  bf  wild  greases  obtained 
from  bog  meadows,  salt  marshes,  and  pasturas.  There  are  compar- 
atirely  few  farmets  among  as  who  do  not  support  certain  parts  of 
thflir  estates  by  means  of  nunure  that  has  been  derived  from  other 
parts.  They  take  the  surplus  strength  of  the  wilder  lands  and 
bring  it  to  bear  upon  the  cultivated  fields.  It  is  practically  a 
mere  matter  of  taking  fertilizers  from  one  place  and  bringing 
them  to  another;  and  it  is  to  be  noted  that  the  system  now  in 
question  is  closely  related  to  the  common  plan  of  feeding  ani- 
mals with  the  refuse  of  crops,  such  as  straw,  oom-atover,  and  beet- 
cake,  as  a  means  of  getting  manure  to  grow  grain.  So,  too,  when 
bran,  breweia*  grains,  Indian  corn,  and  oil-cake  are  bought  for 
feeding  animals,  fertilizers  are  brought  from  other  men's  farms  to 
our  own. 

TKt  Jfilk  Farm*  of  Saxony. 
A  good  example  of  a  highly  artificial  arrangement  is  seen  in  the 
Soxou  milk  fiirms.  Potatoes  are  grown  freely  in  that  country,  and 
upon  this  crop  farms  are  often  based,  as  follows  :  —  A  stable  of  milch 
oows,  whose  milk  is  sold  as  snnh,  or  made  into  butter  or  cheese. 
Potatoes,  as  the  chief  crap,  to  be  fermented  and  distilled  to  whis- 
key upon  the  fkrm,  where  the  residue  from  the  distillation  (slop), 
together  with  straw,  is  fed  to  the  cows  through  the  autumn  and 
winter.  During  spring  and  summer  the  oowa  are  fed  upon  mown 
clorer,  and  other  green  forege.  Large  quantities  of  dung  are  pro- 
duced in  this  way  in  the  course  of  the  year,  — enough  to  serve,  not 
only  for  manuring  the  potato  fields,  but  to  give  great  crops  of 
wiieat,  and  rye,  and  rape-seed,  all  of  which  are  sold  off  the  Gum,  as 
well  as  the  whiskey  and  the  milk  products. 

Working  upon  this  basis,  the  Saxon  &rmer  is  oontented  with  a 
very  small  margin  of  profit,  or  even  with  no  profit  at  all,  from  the 
milk  aud  the  products  from  milk.  He  keeps  the  cows  primarily 
in  order  that  they  may  manufacture  manure  out  of  the  potato  slop. 
Or,  to  look  at  the  matter  from  another  point  of  view,  potatoes  an 
grown  in  order  to  get  manure  for  the  grain.  Practically,  when 
such  an  establishment  is  working  well,  the  farmer  does  get  three 
profits,  —  one  from  grain,  one  from  whiskey,  and  one  from  milk,— 
and  he  has,  moreover,  three  strings  to  his  bow.     If  the  times  an 
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ench  that  wheat  jields  no  profit,  money  may  BtQl  be  got  from  tlis 
whiskey,  and  so  conrersely. 

froduct*  lAtU  remove  no  Fertiluert. 

The  foregoing  examiile  manifestly  presents  a  definite,  well-con- 
aidered  plan  for  a  &rni ;  L  e.  a  plan  baaed  on  rational  thinking. 
Jnat  so,  npon  almost  any  European  &rm  we  can  see  tolerably 
dearly  the  principles  on  which  the  system  of  culture  depends 
The  formers  strive  also  to  produce  such  things  as  sugar  irom  beet- 
roots; oil  from  rape-seed  or  Unseed;  spirit,  or  starch,  or  glucose, 
from  potatoes  and  grain ;  and  butter  from  grass ;  —  all  of  which  are 
non-nitrogenous  products  free  from  ashes.  Tbat  is  to  say,  the  form- 
er's aim  is  to  produce  things  which  (when  sold)  shall  nut  carry  off 
fertilizing  matters,  and  which  shall  leave  residues,  like  piess^ake, 
uil-cake,  and  slop,  that  aro  highly  nutritions,  and  that  yield  rich 
dung.  Arrangements  such  as  these  wera  devised  long  ago,  be- 
fore the  days  of  artificial  fertilizers,  when  the  great  desideratum 
.  was  that  the  farm  should  support  itself  without  need  of  buying 
manure.  But  it  is  usually  hard  to  detect  any  good  and  sufficient 
reasons  for  the  methods  which  are  pursued  npon  the  forms  of  New 
England. 

There  are  doubtless  some  forms,  based  upon  the  use  of  peat 
composts,  which  aro  eminently  philosophical,  and  which  probably 
represent  the  best  results  thus  for  obtained  in  this  region ;  and  the 
like  may  perhaps  be  said  of  some  small  dairy  farms  where  cattle 
aro  soiled,  and  of  milk  forms  where  rough  fodder  is  reinforced  with 
eottoD-seed  meal,  or  the  like.  But  it  cannot  be  said  of  either  of 
tfaeee  systems  tbat  they  have  become  general,  nor  is  it  true  that 
the  use  of  peat  compost  has  been  reduced  to  a  definite  rule  of 
practice. 

Large  Farmi  venut  Smalt  Famu. 

It  is  difiBcuIt  to  discuss  the  subject  of  forma  without  making 
some  allusion  to  the  question  of  large  fonns  versus  small  forms, 
which  has  greatly  exercised  the  minds  of  statesmen  and  political 
ecoDomista  in  Europe.  The  question  is  really,  What  are  the  re- 
spective merits  of  forms  dependent  upon  capital  and  worked  as 
fitctoriee,  and  of  forms  occupied  and  worked  by  peasants  or  yeomen 
as  mere  homes!  There  is  a  great  deal  to  be  said  upon  both  sides 
of  the  qneetion. 

Thrae  is  something  very  attractive  in  the  idea  of  a  form  bandied 
na  a  mere  mannfocturing  establishment,  in  which,  by  laborii^  upon 
vol.  II.  —  S3 
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the  isw  materials,  soil,  and  manure,  we  elaborate,  with  the  aid  of 
various  natural  forces,  the  desired  crops.  By  operating  in  this  laige 
way,  i.  e.  upiou  what  ia  called  the  manufacturing  ecale,  it  is  poasible 
to  apply  scientific  knowledge  more  directly  than  is  osnally  practi- 
cable upon  small  farms,  and  to  make  use  of  the  best  implements 
and  devices,  such  as  draining  and  irrigation,  for  example.  It  is 
notorious  withal,  that  every  improvement  thus  far  made  in  Euro- 
pean agriculture  has  been  developed  by  the  lai^-way  farmers,  the 
peasauta  having  simply  followed  where  the  larger  proprietors  led. 
All  thia,  not  of  fundamental  necessity  perhaps,  but  because  of  the 
real  weakneaa,  narrow-miudedneas,  and  sluggishness  of  the  small 
farmeia.  But,  on  the  other  band,  the  picture  of  the  peasant  pio' 
prietor  supporting  himself  and  his  family  in  absolute  independence 
upon  a  small  patch  of  land  has  many  pleasing  features. 

In  &Tor  of  the  large  forms,  it  is  argued  that  experience  bos  shown 
that  capital  may  be  applied  to  farming,  as  well  as  to  other  employ- 
ments, provided  only  there  be  room  enough  for  it  to  act.  It  would 
be  absurd,  of  course,  to  employ  a  skilful  steward  or  overseer,  at  a 
lai^  salary,  unless  there  was  a  sufficient  amount  of  land  to  occupy 
him  fully,  or,  rather,  to  the  best  advantage.  The  analogy  of  other 
kinds  of  business  teaches  that,  up  to  a  certain  point,  there  is  an  ad- 
vantage in  operating  in  the  large  way.  La^s  fiirmers  aie  generally 
rich  farmera,  i.  e.  they  have  command  of  capital ;  and,  other  things 
being  equal,  the  rich  farmer  will  be  more  likely  to  cultivate  the 
land  carefully  and  underatandingly,  and  to  put  it  to  good  profit, 
than  the  poor  one.  Throwing  gardens  out  of  the  account,  it  is  in 
point  of  fact  commonly  observed  that  large  farmera  have  better 
crops  as  the  general  rule  than  small  farmera. 

Arthur  Toung  long  ago  collected  statistics  upon  this  point  He 
found  that  the  crops  of  the  large  farmers  were  in  fact  very  much 
better  than  those  of  the  small.  One  of  the  results  of  bis  inquiry 
shows,  however,  as  might  have  been  expected,  that  there  is  a  limit 
beyond  which  increase  of  size  ceases  to  be  an  advantage.  Thus, 
while  he  found  that  English  farms  of  from  200  to  400  acres  were 
in  his  day  better  for  live  stock  than  smaller  ones,  in  the  average 
proportion  of  5J  to  3},  they  were  more  than  five  times  better  than 
the  still  larger  farms  that  came  under  hia  observation. 

Young's  inquiry  was  directed  to  the  comparison  of  the  ordinary 
run  of  English  farms  of  his  time ;  he  did  not  in  this  particular  in* 
stones  take  into  account  the  small  peasant  fantu  that  are  now  m> 
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Gommon  in  Europe.     But  it  is  to  the  cousideration  of  these  la«t 
that  the  discossione  sinong  politiciane  have  been  niainl;  devoted. 

The  peasant  faima  have  an  enoTmoas  advaiitdge  over  the  large 
fiinnB  in  respect  to  the  cost  and  the  qaality  of  labor.  Farm  labor, 
in  order  to  be  applied  to  tbe  best  advantage,  ahould  not  only  be 
executed  with  judgment,  but  with  interest  and  devotion.  The 
peasant  tokea  the  field  with  hia  wife  and  children,  and  not  only 
utilizes  much  labor  that  would  have  no  merchantable  value,  bat  he 
haa  alwaja  an  eye  to  tbe  judicious  and  constant  application  of  the 
labor.  The  cost  of  the  labor  applied  to  his  land  is  consequently 
low,  while  the  effect  produced  by  it  is  great  Herein,  the  peasant 
is  specially  &TorabIy  circumstanced  as  compared  with  the  lai^e-way 
bnner,  whose  hired  laborera  have  comparatively  tittle  interest  in 
their  work,  and  who  cannot  be  subjected  to  anything  like  the  over- 
aight  that  is  constantly  present,  as  a  matter  of  course,  npon  the 
peasant  form.  It  is  ftom  this  cause  more  particularly  that,  in  re- 
gions where  peasant  proprietors  abound,  the  produce  of  the  large 
&nn  snfEera  severely  in  tlie  markets  fiom  the  competition  of  the 
peasant'a  crops.  This  statement  is  partioularly  true  of  backward 
countries  like  France,  where  there  is  no  great  demand  for  labor  in 
the  occupations  other  than  farming.  Wherever  machinee  can  be 
used  with  advantage,  L  e.  in  countries  where  labor  h  scarce  and  in 
demand,  and  laud  cheap,  the  peasant's  hand-grown  crops  would  be 
dearer  than  those  of  large  farms. 

What  wo"  tarffe  "  Farm  t 

There  has  been  at  one  time  and  another  a  certain  amount  of  dis- 
eoasion  as  to  what  should  be  understood  by  the  terms  "  large," 
" medium,"  and  "small  liiTniB."  Some  wril«rs  have  classified  fnrms 
from  the  number  of  plonghs.  For  these  writers,  "three  ploi^hs" 
means  a  large  farm,  and  "  two  ploughs "  a  medium-sised  fann, 
while  a  fkrm  using  no  plough  at  all  would  be  small.  Other  writers 
have  classified  fbrms  by  the  number  of  acres.  For  them  anything 
over  300  acres  would  be  called  large,  while  farms  containing  fh>m 
100  to  300  acres  would  be  medium. 

Other  observers  have  maintained  that  neither  of  these  definitions 
is  snfBciently  precise.  Tbey  have  suggested  that  a  large  farm  is  one 
that  cannot  be  directed  by  a  single  man,  and  a  medium  farm  one 
that  can  be  directed  by  one  man,  though  that  man  will  have  no 
time  at  all  to  work  himself ;  while  every  farm  that  is  carried  on  bj 
tbe  msmben  of  a  bmilf  should  be  called  imalL    This  last  defl- 
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nition  is  probably  the  best  At  all  events,  it  justly  dUpoaee  of  the 
avenge  New  England  farm  by  relegating  it  to  the  same  class  with 
the  farms  of  peasant  proprietora. 

As  a  general  rule,  to  which  there  are  of  conne  some  exceptions, 

it  may  be  said,  that,  as  farms  pass  from  those  which  may  be  classed 

as  gtu^ens  to  those  which  are  really  lurge,  less  and  less  human 

labor  needs  to  be  employed  fur  the  cultivation  of  them. 

Farming  mthout  Live  Stock. 

One  desideratum  at  the  present  time,  in  certain  localities,  is  to  be 
able  to  &rm  profitably  without  keeping  much  live  stock.  Upon 
really  good  laud,  competent  to  produce  valuable  prudncts,  the  arti- 
ficial fertilizen  permit  the  former  to  do  this,  provided  the  farm  and 
the  crops  are  so  arranged  that  little  or  nothing  shall  be  produced 
which  is  not  directly  salable.  In  general,  it  is  the  production  of 
rough  or  refiise  forage,  and  the  existence  of  rooky  or  hilly  pastures 
and  low-lying  marshes  or  meadows,  which  necessitate  the  keeping 
of  cattle,  much  mora  than  any  need  of  their  dung.  If  com  stalks 
and  bog-meadow  hay,  or  clover  even,  are  harvested,  cattle  must  be 
kept  to  eat  them  lest  thsy  go  to  utter  waste. 

Still,  a  certun  amount  of  fiinuyard  nanure  is  a  very  useful  basis 
of  operations,  particularly  for  the  amelioratioii  of  certain  soils  and 
the  glowing  of  some  kinds  of  crops,  and  the  problem  realty  is  how 
to  supplement  with  artificial  fertilizers  the  least  amount  of  dang 
that  can  be  used  profitably,  rather  than  bow  to  get  along  without 
any  ilung.  Since  farmyard  manure  is  not  perfect,  hut  in  need  of 
being  supplemented  with  one  or  another  kind  of  special  fertilizer, 
according  to  the  several  classes  of  crops  that  are  to  be  giowu,  it  will 
manifestly  be  more  philosophical,  whenever  the  comparative  price 
of  fertilizen  and  dung  will  permit,  to  apply  the  dung  in  quantities 
smaller  than  those  indicated  by  tradition,  and  to  reinforce  it  with 
such  additions  of  the  special  fertilizen  as  may  be  needed.  It  is  pre- 
cisely because  of  the  mnt  of  just  preportion  in  farmyard  manure, 
that  the  purchase  of  small  quantities  of  bone-meal  to  be  applied  to  tur 
nips,  of  Stassfurt  salts  for  cabbages,  or  of  nitrate  of  soda  for  wheat, 
may  in  many  eitustions  be  better  and  more  economical  forming  than 
the  buying  of  fodder  wherewith  to  mtuntain  a  larger  herd  or  to 
make  better  dung.  To  each  and  to  every  former  the  question  is 
continually  presented  anew,  How  many,  or  rather  bow  few,  cattle 
shall  be  kept,  in  order  to  the  best  advantage  of  myself  and  my 
hind  I 
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The  Quetdon  of  telling  Bay. 

To  the  mind  of  the  average  New  Englander,  the  sdliog  of  fasy 
from  ttn  inland  fanu  ia  a  wellnigh  criminal  offence  ;  but  from  the 
modem,  and  particularly  from  the  chemical  point  of  view,  such 
selling  of  hay  ia  a  most  commendahle  practice,  provided  only  that 
the  hay  brings  a  proper  price,  and  that  the  &rmei  uses  some  part 
of  the  money  thos  gained  to  replace  the  chemical  substances  which 
the  hay  crop  haa  taken  from  the  hind.  For  many  parte  of  New 
England  at  the  present  time  the  chief  crop  to  be  aimed  at  b  mer- 
chantable hay.  Only  it  needs  to  be  obtained  at  email  coet  Ordi- 
narily such  hay  is  got  either  from  bottom  lands  or  from  moist 
slopea  that  are  manured  naturally  by  the  ground  water;  or  it  is 
grown  hy  means  of  dang  obtained  from  animals  that  have  been  fed 
in  some  part  on  bog-meadow  hay,  ot  other  unmerchantable  product^ 
ninforced  with  shorts,  or  com  meal,  or  cotton-seed  meal. 

The  proper  ways  of  getting  hay  in  this  region,  without  cattle, 
would  seem  to  be  artificial  irrigation  and  peat  composts  reinforced 
with  small  additions  of  bone-black,  floats,  Stassfurt  potash^salts,  ot 
wood  ashes.  It  would  appear  that  only  materials  of  low  cost  can 
be  used,  and  that  composts  should  be  home-made.  There  are  proba- 
bly few  situations  in  New  England  where  it  would  be  remunerative 
to  use  coetly  fertilizers  for  producing  hay  alone.  Unices  some  sala- 
ble interpolated  crop  can  be  got  by  means  of  the  fertilizers,  the 
latter  should  either  be  let  alone  upon  a  bay  farm,  or  used  with  very 
great  caution.  It  is  well  understood  in  this  vicinity,  that,  as  things 
are  now,  it  is  quite  out  of  the  question  to  get  a  profit  from  hay  by 
means  of  the  oidinaiy  run  of  commercial  fertilizers,  applied  directly 
to  the  grass. 

In  the  vicinity  of  Boston  the  hay  fanner  anffers  all  the  while 
from  the  competition  of  liay  grown  upon  the  intervales  of  the  Con- 
necticut River  and  its  tributaries,  i.  e.  hay  grown  by  irrigation 
at  little  or  no  cost  for  manure ;  and  he  has  to  compete  also  with 
hay  from  wild  Jaims  in  the  State  of  Maine,  where  namberless  small 
crops  are  harvested  every  year,  at  very  small  cost,  from  very  cheap 
laud,  to  which  little  or  no  manura  ia  ever  applied.  The  compara- 
tive abundance  of  moisture  in  the  soil  of  that  region  of  fogs  and 
fbreste  enablee  the  farmers  to  cut  grass  iu  this  way  year  after  year. 

An  interesting  method  of  keeping  up  hay  farms  in  the  region 
about  Boston  consists  in  taking  pleasure-horses  to  board  during  the 
winter  months ;  that  is  to  say,  instead  of  hauling  hay  into  the  city 
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fur  sale^  and  hauling  ottt  maniin  to  apieul  upon  th«  gram  fields,  tbe 
plan  ii  to  take  in  borses  enough  to  conaunie  tlie  haj  at  tb«  Jarm, 
and  to  apply  their  dung  to  the  land.  The  prica  of  board  ie  auch 
that  the  hay  is  sold  at  a  higher  rate  than  could  be  got  foi  it  as  hay, 
while  the  fertility  uf  the  farm  is  maintained. 


CHAPTER  XVIL 

GEHEBALITIEa  AS  TO  THE  GBOWTH   OF  CB0F8. 

Thk  reasons  vhich  go  to  determine  the  cuttiration  of  any  one 
kind  of  plant  in  a  given  locality,  or  upon  a  given  farm,  as  veil  as 
those  which  cause  other  kinds  to  be  nc^ilected,  could  be  best  eon* 
sidered  under  the  separate  heads  of  esch  special  crop.  But  there 
are  certain  general  considerations,  nevertheless,  which  may  well  be 
treated  of  together. 

MavenunU  of  Mattert  in  th»  Plant 

Thus,  the  pasHage  of  the  various  constituents  of  a  plant  from  one 
IMut  of  it  to  auDther,  as  the  plant  advances  to  maturity,  is  a  capital 
fact  common  to  all  plants,  though  perliaps  different  as  to  degree 
and  method  in  each  and  every  different  kind.  When  a  seed  genni- 
nates,  many  of  the  matters  in  the  seed  pass  from  it  into  the  roots 
and  sprout,  in  order  to  form  these  organs.  So  too,  after  the  act  of 
germination  has  been  completed,  and  the  plant  devotes  its  energies, 
&ist  to  the  development  of  roots,  and  then  to  the  development  of 
leaves,  the  same  rule  holds  good,  and  the  workings  of  it  ai«  pai^ 
ticularly  conspicnous  sfter  these  organs  of  assimilation  have  been 
perfected,  and  the  forces  of  the  plant  are  seen  to  be  devoted  mure 
especially  to  the  formation  of  flowers  and  fruit  and  eeeda,  or  to  the 
production  of  fleshy  roots,  or  of  buds  for  next  year's  nee. 

In  autumn,  the  more  valuable  contents  of  the  mature  leaves  of 
trees  pass  hack  into  the  tree  itself,  snd  contribute  to  the  equipment 
of  the  buds  from  which  the  new  leaves  of  the  coming  year  are  to 
start;  while  the  dead  leaf  that  falls  is  a  mere  skeleton,  as  it  were, 
of  woody  fibre,  that  contains  but  little  either  of  nutritive  or  of  fer- 
tiliriug  matters.     It  is  true  not  only  of  trees,  but  of  most  plants. 
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that  daring  the  finkl,  ripening  period,  as  indeed  through  each  of 
the  Buccessive  stages  of  growth  which  have  preceded  it,  matters  pass 
freely  from  one  part  of  the  plant  to  anothur,  fur  building  up  and 
ROurishiug  the  various  organs.  Naturally  enough,  these  movements 
are  more  conspicuous  at  some  stages  of  development  thou  at  otbers. 
During  the  growth  of  the  leavee,  for  example,  whose  function  is  to 
elaborate  the  crude  inorganic  constituents  which  are  taken  in  from 
the  air  and  the  soil,  more  matters  are  needed  in  the  leaves  than 
elsewhere.  But  when  the  leaves  are  finished,  then  their  constituents 
are  free  to  be  used  for  other  purposes,  and  we  see  in  iact  that  the 
oldest  leaves  gradually  wither  and  die  as  they  g^ve  up  to  the  newer 
parts  of  the  plant  many  of  the  matters  that  were  contained  in  their 
cells. 

This  migration  or  translocation  of  the  constituents  of  plants  is 
tma  not  only  of  the  various  inorganic  or  ash  ingredients,  but  of  many 
of  the  organized  matters  as  well.  Several  of  the  "proximate  con- 
stituents "  of  the  plant,  notably  albumen,  starch,  and  oil,  are  moved 
about  from  one  part  of  the  plant  to  another,  as  occasion  may  require. 
It  may  well  be  true,  iudeed,  that  some  of  the  ash  ingredients  are 
translocated  ouly  by  virtue  of  the  fiiot  ttutt  they  form  a  constituent 
part  of  the  organized  matters. 

Since  the  movements  of  the  ash  ingredieots  admit  of  being  rather 
more  easily  studied  than  those  of  the  organized  mattery  chemists 
have  hitherto  been  apt  to  lay  special  stress  upon  this  bmnch  of  the 
■ubject,  although  it  b  manifest  that  the  movements  of  the  oi^janiied 
matters  are  really  of  most  importance. 

Tra)ulocatioii  of  IfaUert  in  JUpentn^  Oraitt. 

There  are  many  familiar  facts  that  enforce  the  practical  impor- 
tance of  attending  carefully  to  the  study  of  these  changea  in  position 
of  the  components  of  plants.  It  is  known,  for  example,  that  the 
young  shoote  of  rye,  or  oats,  or  wheat,  or  barley,  are  exceedingly 
nutritious  fodder,  and  that  they  are  greedily  eaten  by  animals ;  but, 
on  the  other  hand,  the  straw  of  these  several  plants,  that  of  oats 
pierhaps  excepted,  does  not  attract  animals  at  all,  unless  they  are 
very  huugry,  or  unless  they  have  been  trained  to  eat  straw,  or  un- 
less, as  the  common  saying  is,  they  find  opportunity  to  steal  it.  li 
is  known,  too,  that  in  the  lifo  of  every  grain  crop  there  comes  a 
time  when  the  plants  "  stop  growing,"  and  "  begin  to  ripen  their 
seeds."  In  other  words  there  comes  a  time  when  the  plant  ceases  to 
draw  food  from  the  air  and  from  the  soil,  and  devotes  itself  to  the 
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process  of  concentrating  in  the  seed  the  nntriment  tbat  waa  previ- 
ous!; scattered  through  all  parts  of  the  plant. 

Pierre  found,  on  studjiiig  the  development  of  wheat  plants,  that 
the  amount  of  dry  oiganic  matter  in  the  plant  reached  ita  highest 
point  aome  15  or  20  days  before  complete  ripeness;  after  which 
time  the  amount  of  matter  lost  from  the  plants  by  oxidation  (respi- 
ration) was  larger,  or  at  the  least  no  less,  than  that  gained  by  way 
,  of  assimilation  j  but  at  this  very  time  the  matters  in  the  plants 
continued  to  move  freely  out  &om  the  leaves  and  stnw  into  and 
towards  the  seeds. 

AfUr-n'jiening  of  Grain, 

Eres  when  a  plant  is  cut  down  while  its  seeds  are  soft  and  milky, 
there  will  still  be  the  so-called  "  afW-ripentug,"  provided  the  seeds 
are  allowed  to  ripen  in  connection  with  the  stem,  and  to  draw 
nourishment  from  it.  But  all  these  facts  are  mere  consequences  of 
the  transference  of  various  constituents  of  the  plant  from  one  part 
of  the  plant  to  another,  aud  they  illustrate  very  fordbty  the  argu- 
ments directly  to  be  set  forth. 

When  to  harvett  Crop*. 

It  is  from  a  knowledge  of  the  laws  that  control  this  transference 
of  matter  that  just  conclusions  may  be  drawn  as  to  the  times  of 
harvesting  crops,  and  as  to  the  manner  of  treating  a  crop  according 
as  it  is  intended  to  be  used  as  grain  or  as  fon^e.  It  may  seem  ab- 
surd to  many  persons,  perhaps,  to  insist  that  the  discovery  of  a 
ecientiGc  principle  like  the  one  now  in  question,  the  knowledge  of 
which  dates  but  a  few  years  back,  has  taught  to  farmeis  some 
highly  important  lessons  as  to  the  times  and  seasons  at  which  crops 
may  best  be  gathered.  But  it  is  unqtiestionably  true,  that  this  dis- 
covery has  given  precision  and  definition  to  several  matters  which 
were  previously  not  a  little  obscnre. 

The  example  well  illustintes  the  difference  between  empirical  and 
scientific  knowledge.  There  must  always  have  been  numerous 
fermers  who  had  learned  from  personal  experience  just  when  to 
father  grass  or  grain  in  order  to  the  best  results,  and  the  example  of 
these  sagacious  persons  must  have  bean  fallowed  more  or  loss  closely 
by  their  neighbors.  But  so  long  as  the  experts  had  no  sufficient 
reason  to  offer  for  their  practices  other  than  that  they  knew  their 
way  was  the  best  way,  they  were  subject  to  criticism  and  animad- 
version, and  their  methods  coidd  hardly  ever  be  univeraally  accepted. 
In  point  of  fact,  the  times  of  harvesting  did  differ  appreciably  in 
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different  localities,  and  it  was  not  until  chemical  analysis  had  taught 
the  compositiou  of  the  crops  at  the  different  stages  of  their  growth 
that  any  one  really  kiiew  just  what  was  right  and  proper  to  do  in 
the  matter  of  gathering  grain  or  grass. 

The  imporbuice  of  knowing  when  to  harvest  a  crop  is  seen  moat 
conspicuously  in  the  improved  methods  of  making  hay  that  are  nov 
in  vi^ne.  There  was  a  time,  not  very  lung  ago,  when  much  of  the 
hay  crop  of  New  England  was  left  standing  until  it  was  mere  straw ; 
the  argument  being  that  grass  "  shrinks"  excessively  when  cut  h»- 
for«  it  is  "ripe."  On  the  other  hand,  at  the  time  of  my  first  visit 
to  Germany,  in  1855,  I  had  oiiportanity  to  listen  to  Stoeckhardt'a 
presentation  to  Saxon  formers  of  the  to  them  novel  idea  that  rowen 
hay  is  a  valuable  food  for  cows.  They  had  previously. entertained 
the  notion,  that  rowen  must  be  weUnigh  worthless  as  cattle  food  be- 
cause it  is  immature.  They  contrasted  it  with  full-grown  hay  to 
its  disadvantage,  much  as  a  laboring  man  would  contrast  veal  with 
beef.  But  these  men  were  among  the  very  best  formera  in  Europe. 
I  was  the  more  impressed  with  this  example,  beoause  fkmiliar  with 
the  high  estimation  in  which  rowen  was  held  at  that  time  by  New 
England  farm  era, 

Reiearchei  a*  to  ihe  Timet  w%«n  TrandocatuM  oeeura. 

The  investigation  of  the  times  and  seasons  when  matters  aro 
transferred  from  one  part  of  the  plant  to  another  has  thrown  con- 
siderable light  on  the  theory  of  rotation  also,  and  on  the  question  of 
the  exhaustion  of  laud.  It  was  thought  at  one  time  by  many  prac- 
tical men  that  crops  do  not  realty  exhaust  the  land,  excepting  at  the 
times  when  their  seeds  are  forming,  i.  e.  between  the  moment  of 
blossoming  and  ripening.  This  idea  was  based  in  part  on  the  pal- 
pable fact,  that  in  a  given  weight  of  seeds  there  are  contained  more 
nutritive  matters  than  in  any  other  part  of  the  plant,  whence  it  was 
not  wholly  unnatural  to  conclude  that  a  great  deal  of  nourishment 
had  to  be  taken  in  by  the  plant  during  the  formation  of  the  seeds. 
But  probably  the  chief  reason  for  the  belief  was  the  fiuniliar  fact 
that  crops  which  are  mown  in  blossom  impoverish  the  soil  much 
less  than  those  that  are  left  to  ripen.  Clover  and  vetches,  for 
example,  had  long  been  considered  to  be  non-exhaustive,  or  even 
decidedly  amalioTating  crops. 

This  opinion  as  to  the  exhaustive  character  of  ripening  crops  was 
combated  by  the  noted  French  agricultural  writer  Dombasle,  who 
a^ued  that  the  formation  of  seeds,  and  indeed  all  the  work  of  or- 
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ganizatioo  that  oocutb  in  &  plant  after  the  time  of  flowering,  depend 
solely  on  the  store  of  matters  that  have  been  accamulated  in  the 
plant  previoQs  to  that  time.  To  him  it  seemed  plain  that  the  young 
plaut  accumulates  food  in  such  large  quaatitiae,  that,  at  the  time  of 
flowering,  it  has  become  a  reseTroir  full  of  materials  proper  fur  the 
formation  of  the  seeds. 

He  dwelt  on  those  facta  of  pmetical  experience  which  go  to  show 
that  pianta  take  as  much  food  from  the  soil  at  the  beginning  of 
their  development  aa  they  do  when  their  growth  is  more  advanced. 
Among  crope  reputed  to  be  highly  exhaustive,  he  dted  severa], 
such  as  cabbage,  tobacco,  and  woad,  which  do  not  bear  seeds;  and 
he  niged  the  well-known  rapid  luas  of  fertility  in  seed-beds,  where 
young  beeta  and  rape  are  started.  He  maintained  that  the  reason 
why  certain  green  crope  are  nos-exhanstire  depends  upon  the  fac^ 
that  they  leave  in  the  soil  a  great  mass  of  roots,  which  is  not  only 
large  as  compared  with  the  total  weight  of  the  crop,  but  also  aa 
compared  with  the  residue  left  by  other  plants  whioh  have  been 
allowed  to  draw  "juices"  from  their  roots  while  ripening  their 

In  the  year  1844,  towards  the  end  of  June,  Dombasle  marked  40 
wheat  plants  that  were  in  blossom,  and  took  up  20  uf  them,  whOe 
the  other  20  wen  left  to  complete  their  growth.  After  having  been 
dried,  the  first  lot  was  found  to  consist  of  43  gnu.  roots  and  126 
grm.  stalks  and  leaves,  or  all  together  169  grm.  Two  months  later, 
when  the  crop  was  harvested,  he  collected  the  other  20  plants,  and 
found  that  they  contained  27  grm.  roots,  86  grm.  stalks,  leaves 
and  chaf^  and  67  grm.  grain,  or  together  180  grm.  Whence  if 
seemed  to  appear  that  in  two  months'  time  the  twenty  plants  had 
gained  no  mora  than  11  grams,  or  about  -fg  their  total  weight  In 
other  words,  his  experiment  seemed  to  show  that  the  plants  had  ac- 
Gumol^ed,  previous  to  the  momrait  of  flowering,  \i  of  their  final 
weight.  It  was  evident  withal,  that,  if  the  wheat  had  been  mown 
when  in  blossom,  an  amount  of  matter  equal  to  one  quarter  the 
weight  of  the  horveet  would  have  been  left  in  the  earth  in  the  form 
of  roots,  while  the  ripe  plants  would  have  left  in  the  soil  no  more 
tlian  one  seventh  the  weight  .of  the  sheaves. 

Almost  simultaneouBly  with  Dombasle,  Boussinganit  nrged,  aa  a 
fiuit  of  obeervation,  that  plants  which  have  been  pulled  up  out  of 
the  earth  after  flowering  will  still  perfect  seeds,  if  they  are  kept 
properly  moistened,  although  they  have  no  connection  with  the 
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soil.  H«  stated  that  ha  had  himself  seen  oat  plants  bear  a  small 
number  of  well-formed  seeds  when  token  from  the  soil  at  the  time 
of  bioasoming,  and  theieafter  kept  wiUi  their  roots  in  distilled 
water.  From  all  of  which  evidence,  as  he  nrges,  there  can  be  no 
doubt  left  that  substances  such  as  sugar,  starch,  and  albuminoids, 
which  have  accumulated  in  the  plant  previously  to  the  moment  of 
the  fecuudation  of  the  flowers,  do  gradually  pass  out  from  the 
roots  and  leaves  and  stems,  towards  the  place  where  the  fruit  is  to 
be  developed.  Meanwhile  the  green  color  of  the  leaves  is  seen  to 
fade  gradnally,  in  consonance  with  the  movements  aforesaid. 

A  similar  experiment  with  oat  plants  was  tried  long  afterwarda 
by  Heinrich,  who  took  up  some  of  the  plants  from  a  dry  sandy  soU 
when  they  were  in  blossom,  carefully  washed  off  the  adhering  earth, 
and  placed  the  roots  in  a  jar  of  distilled  water.  The  plants  thus 
treated  ripened  sooner  than  those  left  standing  in  the  field,  thoogh 
the  seeds  they  bore  were  lighter  than  the  field-grown  grain ;  and  it 
was  in  evidence  that  nearly  three  quarters  of  all  the  matter  necea- 
sary  for  the  forcaation  of  the  seeds  had  been  taken  into  the  plants 
by  the  time  they  aajne  into  flower.  It  is  a  fact  of  familiar  observa- 
tion withal,  that  really  matare  clover  or  beet  plants,  such  as  have 
borne  seeds,  can  nn  longer  be  regarded  as  fodder,  since  they  now 
consist  almost  entirely  of  residual,  tasteless  woody  fibre. 

But  Boussingault  did  not  hesitate  to  urge  that  the  results  of 
Dombasle's  experiments  must  have  been  altogether  exceptional, 
and  that  plants  do  continue,  as  s  general  rule,  to  assimilate  matters 
from  the  air  and  the  soil,  even  after  the  time  of  flowering.  It  is 
now  known,  in  fact,  as  regards  this  matter,  that  mach  depends  on 
the  weather,  and  an  the  condition  of  the  soil  in  which  the  plants  are 
standing.  When  moisture  and  food  come  to  a  crop,  oven  tolerably 
late  in  life,  they  may  cause  it  to  grow  with  considerable  freedom. 

If  Dombasle's  conclusion  were  strictly  true,  viz.  tliat  a  crop 
mown  in  flower  contnina  almost  the  whole  of  the  organic  matter 
wliich  it  is  capable  of  accumulating,  and  that  it  then  affords  about 
as  much  nutritive  mntter  as  it  would  if  left  to  ripen  some  two  or 
three  niotitlis  later,  tlie  inference  would  logically  be  ilrawn  that  it 
mijfht  oftea  be  more  advautngeoua  to  mow  crops  when  they  nre 
green,  and  to  use  them  as  fodder,  rather  than  to  wait  for  the  grain 
to  ripen.  For  by  proceeding  in  this  way  it  would  be  possible  to 
sow  and  to  mow  two  crops  upon  the  land  in  a  single  year. 

To  test  the  matter,  Boussinganlt  chose  wheat  plants  from  a  field. 
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as  Dombasle  had  done,  but  he  collected  a  much  Uigei  number  (450) 
ftt  each  of  the  ett^^  of  growth,  and  he  subjected  them  to  analjeis 
after  they  bod  been  dried  and  weighed.    The  resolts  of  this  inter- 
esting research  ara  given  in  the  following  tables. 
450  plaata  collected  od  the  igth  of  Hbj,  1841,  ]rielded,  — 

Air-dried  stallu  and  leRvea 277  gnmi. 

82S      •' 
On  the  9th  of  Judc,  when  begiuntug  tu  bloMom,  — 

Air-dried  ean  in  bloom Ill  grtiOB. 

"        Italks  and  leaTea 850      ■' 

"        roots 100      " 

lion     " 
On  Ihe'lSth  of  Angost,  «t  the  time  of  hurest,  — 

Air-dried  grain 677  gnnu. 

"        chaff 1B5      " 


It  appears  from  theee  figures  that  between  the  beginning  of  blos- 
soming and  complete  ripeuess  the  plants  had  nearly  doubled  their 
weight  {100  :  177),  which  is  a  very  different  result  from  that  got  by 
Dombasle. 

The  crop  actually  harvested  from  Bousaingault's  field  was  at  the 
rate  of  1,685  kilos  of  grain,  aud  2,681  kilos  of  straw  and  chaf^  to 
the  hectare ;  and  there  were  300  kilos  of  roots,  according  to  the  best 
estimate  that  conld  be  made  ; —  iu  all,  4,666  kilos. 

From  the  analyses  of  the  selected  samples,  and  analysia  of  the 
seeds  sown,  the  following  table  was  calculated.  It  shows  the 
weight  in  kilos  of  matters  obtained  from  the  crop  grown  upon  a 
hectare  (2.5  acres)  of  land. 

19  May 6M         257         40  8S4       12        Sft 

9  June     ........    2,631      I.OOS       1«3       1,971       SI         Bfl 

15  Aognst  (barreat)    ....    4,66(1     1,738       317       2,324       42       187 

IncnaM  from  10  Hay  to  e  June   1,943         751       123       1,017       13         10 
InomsefronS  JunetolSAug.    2,03S         7S8       154  SG8       18       121 

Thus  it  appeara  that,  while  751  kilos  of  carbon  were  assimilated 
between  the  19th  of  May  and  the  9th  of  June,  before  the  time  of 
flowering,  there  were  728  kilos  of  carbon  assimilated  between  the 
9th  of  June  and  the  15th  of  August,  between  flowering  and  ripe- 
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Bess.  12  and  16  kilos  of  nitrogen  respectively  vera  oBsimilsted  in 
the  two  periods.  If  it  be  assumed  that  the  wheat  grew  oontioually 
from  the  let  of  March  to  the  15th  of  August,  tha  rates  of  increase 
may  be  stated  as  in  the  following  table. 

jl^  gf      Kilo*  ^liud  par  DijuidHacUn. 
TlMe.o(Gt<.«h.  B^r    o^i„     (^^^    j,^,,^^    ^ 

1  Uarch  to  IS  Me; 79        6.82        S.7G      0.12      0.2S 

le  Muf  to  9  Juus 21        02.95       85.75       0.61       1.92 

g  Hb;  to  15  August 56       S6.S1       13.00       0.83       2.16 

Mean  Buimilatioa  per  d&7 ud  hectare  28.BS       10.8S       0.25       I.IS 

It  is  now  known  that,  doring  the  first  period  of  growth,  plants 
devote  themselves  particularly  to  the  production  of  roots,  hence  the 
comparatively  small  amount  of  matter  produced  above  ground  in 
this  experiment.  The  explanation  of  the  great  gain  of  carbon  and 
dry  organic  matter  during  the  latter  half  of  May,  when  the  stalks 
of  the  wheat  were  shooting,  will  be  set  forth  heieafter,  under  Oats. 
Boussinganlt  concluded  from  these  reeolte,  justly  enough,  that  while 
there  could  be  no  doubt  that  assimilation  was  very  rapid  in  the 
younger  plants  which  he  examined,  oi  that  it  gradually  diminished 
as  the  plants  approached  maturity,  it  was  none  the  less  true  that  the 
plants  did  produce,  L  e.  assimilate  or  take  in  from  the  air  and  soil, 
a  great  deal  of  matter  after  the  time  of  flowering. 

In  other  words,  it  may  be  said  once  more,  that  the  plant  is  oc- 
cupied at  first  with  the  work  of  developing  roots,  then  with  the 
growth  of  the  vegetative  organs,  then  with  the  formation  of  flow- 
ers, and  finally  with  the  perfecting  of  fruit,  or,  in  the  case  of  bien- 
nial plants,  with  the  storing  up  of  a  reservoir  of  provision,  as  in 
roots  and  tubers  for  next  year's  use ;  and  that  at  each  of  these  sev- 
eal  stages  most  of  the  work  done  relates  to  the  chief  purpose  of 
the  period,  though  the  lines  of  demaicatioa  between  the  periods  are 
seldom  dearly  defined,  and  some  wotk  proper  to  the  earlier  periods 
is  still  done  during  the  later  stages  of  development. 

It  should  be  said  that  Boussinganlt  collected  materials  for  a  simi- 
lar study  of  a  leguminous  crop,  viz.  beans;  but  the  increase  of 
v^etable  matter  produced  in  this  case  after  the  time  of  flowering 
was  so  very  large,  that  he  deemed  it  wholly  nnneceesaiy  to  resort  to 
analysis  to  put  the  &ct  in  evidence. 

Trandoeatum  during  Germiwitiim' 

An  excellent  illnstratioo  of  the  kinds  of  changes  wbich  occur 
when  matters  are  translocated  in  plants  is  seen  when  a  germinating 
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seed  tEuowB  out  its  loots  and  iproat.  If  there  vaa  oil  in  the  seed, 
it  changea  to  soluble  mobile  sugar,  which  moves  to  places  where  it 
is  needed,  and  is  there  changed  to  new  substances  ;  to  celluloae,  for 
example,  for  building  the  sprout,  or,  at  a  later  stage,  it  may  even 
change  back  to  oil,  if  need  be.  Starch  changes  to  sugar  also,  and 
albuminoids  change  to  amids  or  to  peptones,  as  will  be  explained 
directly, 

So,  also,  when  a  plant  begins  to  grow  independently  of  the  seed, 
and  to  obtain  food  &om  the  air  and  the  soil,  organic  matters  such  as 
sogax  and  amidi  are  sent  down  from  the  leaves  into  the  roots  for 
their  nourishment,  while  sab  ingredients,  water,  and  nitrogen  com- 
pounds pass  up  from  the  roots  for  the  support  of  the  entire  plant. 
In  general,  soluble  amids  that  come  from  albuminoids,  and  solable 
sugar  that  comes  from  starch  or  oil,  are  specially  prominent,  con- 
sidered as  materials  for  Che  formation  of  new  cells  and  new  oonteuts 
of  cells.  In  all  such  changes,  however,  some  part  of  the  original  mat- 
ters in  the  seed  are  lost  through  processes  of  oxidation  and  evolution 
of  carbonic  acid,  so  that  the  weight  of  the  new  roots  and  apront  is 
considerably  less  than  the  weight  of  the  seed,  sometimes  as  much 
as  one  half  less. 

Migration  of  Special  Subttajt^fs. 

With  regard  to  the  translocation  of  individual  aubstances,  it  baa 
been  proved  that  albumen,  and  the  allied  matters  called  albumi- 
noids, are  moved  from  the  leaves  of  grain  plants  through  the  stem 
into  the  ear,  where  they  accumulate  in  la^  quantity ;  and  that 
starch  also  is  moved  about  freely  from  the  leaves  and  stalks  to  the 
seeds.  It  is  probable  that  gum  is  moved  about  in  a  similar  way, 
and  perhaps  cellulose  even,  to  a  certain  extent. 

The  movements  of  albummoids  are  specially  interesting,  both 
because  of  the  great  importance  of  these  substances,  and  because  of 
the  apparent  difficulty  of  tmnslooating  them.  They  are  "  colloid  " 
bodies,  such  as  can  only  pass  very  slowly  and  with  great  difGcnlty 
through  membranes  like  those  which  form  the  walls  of  plant  cells. 
But  it  has  been  perfectly  well  made  out,  that,  in  order  that  they 
may  bo  moved  from  one  part  of  the  plant  to  another,  they  are 
changed  to  the  condition  of  amids,  such  as  asparagin,  lenoin,  tyro- 
sin,  glutamin,  or  the  like.  These  amids  are  crystalloid  bodies,  and, 
unlike  the  colloid  albumen,  they  can  pass  readily  by  osmose  through 
the  cell  walls,  and  so  reach  the  places  where  albuminoids  are  needed. 
There  they  sn  changed  back  to  the  albuminoid  oonditiou. 
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ThaM  changes  bave  been  well  itiidied  in  tb«  gmniiution  of  cer- 
tain seeds.  When  the  seeds  are  exposed  to  warmth  and  moisture, 
chemical  reactions  set  in ;  and  among  theae  nactions  is  one  whenbj 
some  of  the  albominoida  of  the  seed  are  changed  to  aapaiagin  (or 
the  lilie),  which  is  easily  soluble  and  diffusible,  and  bo  posses  readily 
into  the  young  spiont  of  the  plant.  Both  asparagin  and  leucin  have 
been  t6uad,  for  example,  in  young  pea  and  vetch  plants  that  had 
just  started  from  seeds. 

AapaiBgin  waa  fint  discorerod,  at  the  beginning  of  tbla  century, 
in  asparagus  sprouts,  having  come  to  them  out  of  the  roots  or  root- 
stalks,  in«t«Mi?  of  directly  from  a  seed.  It  is  now  known  that  con- 
siderable quantities  of  amids  are  always  storod  np  towards  autumn, 
as  a  reserve  of  nitrogenoos  food,  in  root-stallu  and  tubers,  such  as 
those  of  the  potato,  and  in  root  crops  as  well.  Next  year,  when 
the  roots  are  planted  for  the  sake  of  getting  seeds,  the  amids  serve 
at  once  to  nourish  the  young  sprouts  and  rootlets.  It  is  cTident 
enough  that  the  amids  hare  a  highly  important  part  to  play  in  the 
physiology  of  rc^tation.  They  form  most  abundantly  in  those 
parts  of  plants  where  growth  ia  most  active,  and  are  changed  to 
albuminoids  after  theit  translocation. 

Probably  there  are  other  ways  also  in  which  some  port  of  the 
albuminoids  may  move  about  in  the  }dant  Schumacbei  has  no- 
ticed, indeed,  that  when  albumen  is  mixed  with  phosphate  of  potash 
its  rate  of  diffusion  through  membianea  is  considerably  increased. 
There  is  good  reason  to  believe  that  such  a  mixture  miglkt  pass  from 
one  part  of  a  plant  to  another  much  Easter  than  albumen  could  pass 
by  itself.  And,  as  PfeiSer  has  suggested,  it  is  possible  that  an  al- 
buminoid insoluble  in  water,  soch  as  legumin,  for  example,  might 
be  dissolved  by  phosphate  of  potash,  and  in  this  state  pass  through 
the  walls  of  cells  until  the  place  destined  to  receive  legumin  was 
reached,  and  there  the  legumin  might  be  deposited  in  mass  simply 
by  the  withdrawal  of  the  solvent  phosphate. 

Simuliaiteoiu  Movement  of  Fhoiphalei  and  Albitinittaid4. 

Inasmuch  as  it  is  well  known  that  phosphoric  acid  passes  out  of 
the  stalks  and  leaves  of  plants  into  their  seeds,  and  accumulates  in 
the  seeds  juat  aa  the  albuminous  anbstances  do,  it  is  a  not  un- 
natural inference  that  the  movements  of  the  two  substanoee  may  be 
interdependent,  or  in  some  way  connected.  Indeed,  the  idea  that 
some  sort  of  connection  exists  between  the  movements  of  phoe- 
phono  acid  and  albuminous  matters  is  a  tolerably  old  one.     It  had 
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been  talked  about  long  before  the  publication  of  Schamacher's 
obaervation. 

One  point  that  was  adduced  as  evidence  in  support  of  the  idea  is 
the  fact  that  in  fruits  and  bulbe  which  contain  much  starch  and 
but  little  albuminons  matter  there  is  but  little  phosphoric  acid; 
wJiile,  as  was  just  now  intimated,  those  plants  and  parts  of  planto 
that  are  richeet  in  albuminoids  likewise  contain  the  largest  propor- 
tion of  phosphoric  acid.  The  potato,  for  example,  well  iUustiatea 
this  point.  It  contains  on  the  average  about  2%  of  albuminoids, 
and  lees  than  0.2%  of  phosphoric  acid,  while  horse  beans,  with  their 
25  or  2S%  of  albuminoids,  show  nearly  2%  of  phosphoric  acid. 

From  obseFvations  such  as  these  it  was  argued,  some  years  since, 
that  the  amount  of  nitrogen  assimilated  bj  a  plant  probably  stands 
in  some  very  simple  proportion  to  the  amount  of  phosphoric  acid 
taken  in  by  the  plant,  and  bse  an  intimate  physiological  connection 
with  this  phosphoric  acid.  Several  instances  were  recorded  in 
which  this  proposition  seemed  to  hold  good,  particularly  in  respect 
to  the  seeds  of  the  plants  that  were  examined.  Thus  Mayer  found 
in  oats  and  wheat  and  barley  the  relation  1  P,0,  to  2  N,  very 
nearly ;  while  in  rye  it  was  1 :  2-^,  in  peas  1  :  Z-fg,  and  in  beaua 
1  :  3^.  Fittbogen  contrasted  light  and  heavy  barley  as  to  this 
point.  He  divided  a  quantity  of  the  grain  into  7  diSerant  parts  of 
as  many  different  specific  gravities,  and  found  that  the  proportion 
of  P,0,  to  M  varied  between  I  :  1.82  and  1  :  2.43,  though  with  no 
great  regularity.  In  ripe  barley  grown  to  perfection  in  pota  of 
sand  he  found  the  proportion  to  be  1  : 1.66;  and  in  the  unrips 
gmin  it  was  1  : 1.72.  This  idea  of  fixed  proportions  has  often  been 
disputed,  notably  by  Siegert,  who  has  declared  that  P,0,  and  N 
do  not  bear  any  constant  relation  to  each  other,  either  in  wheat  or 
rye.  He  found,  too,  that  nitrogenous  fertilizers  increase  the  per- 
centage of  nitrogen  in  these  groins,  and  diminish  the  percentage 
of  phosphoric  acid. 

It  is  not  improbable  that  albuminoids  may  be  transfened  from 
one  part  of  a  plant  to  another  in  both  the  ways  that  have  been 
indicated  above.  Sometimes  they  may  move,  as  such,  with  the 
help  of  phosphates ;  though  mora  commonly  they  are  passed  about 
by  being  changed  to  diffusible  amide  that  aro  subsequently  recon- 
verted to  albuminoids. 

It  ia  probable,  moreover,  that  albuminoids,  and  staroh  also,  may 
bo  changed  to  mobile  substances  vithin  the  plant  by  p 
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digestion  uid  fermentatioD  analo^oa  to  thoee  which  occur  in  the 
bodies  of  animals.  The  study  of  iusectiTorous  plants  has  shown  that 
such  pknte  secrete  acid  juices,  which  digest  and  dissolve  the  edible 
portions  of  the  insects,  and  in  many  plants  unoTganized  ferments 
have  been  detected  which  when  in  presence  of  odds  are  capable  of 
changing  albnminoida  to  peptones,  which  are  readily  soluble  and 
diffusible.    Some  of  these  ferments  can  change  starch  to  sugar  also. 

It  is  generally  felt  nowadays  that  much  more  knowledge  most  be 
acquired  in  respect  to  the  kinds  and  amounts  of  the  sereral  diftorent 
albuminous  matters  in  plants  before  anything  definite  can  be  said  or 
believed  as  to  the  relations  which  subsist  between  phosphoric  ai:id 
and  these  substances,  either  in  general  or  in  respect  to  any  particular 
one  of  them. 

It  may  be  added,  that  Arendt,  in  examining  oat  plants,  found 
that,  although  the  rates  at  which  phosphoric  acid  and  nitrogen  were 
assimilated  were  not  constant  thronghont  the  entire  life  of  the 
plants  examined  by  him,  there  was  nevertheless  a  decided  tendency 
towards  the  proportion  1  phosphoric  acid  to  1  nitrogen  which  was 
the  one  found  in  the  ripe  plants.  In  oat  seeds  the  proportion  fonnd 
by  Arendt  was  1  :  3.  But  his  plants  are  known  to  have  been  ex- 
ceptionally rich  in  nitrogen,  and  his  results  support  in  this  respect 
the  statement  of  Siegert,  above  mentioned. 

Arendt  found,  nevertheless,  that  phosphoric  acid  passed  continu- 
ally, and  in  large  quantities,  into  and  towarda  those  organs  in  which 
albuminoids  were  forming  or  to  be  formed,  in  spite  of  the  fact  that 
when  onoe  formed  the  albuminoids  are  quite  independent  of  phos- 
phoric acid  for  their  continued  existence,  or  at  all  events  need  only 
a  very  minute  quantity  of  it 

Wetzke  has  tabulated  as  follows  the  results  obtained  by  Heiden, 
Voigt,  Giintz,  and  himself,  as  to  the  proportion  of  nitrogen  to  phos- 
phoric acid  in  seeds  according  as  the  cto[)s  were  manured  with  one 
or  another  kind  of  fertilizer.  For  each  part  of  phosphoric  acid  ia 
.the  seeds  there  were  found  the  following  parts  of  nitrogen  :  — 

Otti.    Oita.     Out!.       Rra.       Kra.       Rya.    Tatchs.    Peu. 

ISM.    iSTO.    i«n.     1ST3.      laiG.     istt.      ibti.     irro. 
Tn  the  teed  aowu .     .     S.S3    2.4E    1.70 


Nomanaw     .    .    .  1.78  1.78  1.83 

Lims 2.31  2.64  1.62 

SulpbateofunmonU  2.50  1.20  1.83 

Phosphate  of  lime    .  2.83  1.88  1.S7 

Sulphate  of  lime  .     .  £.17  1.62  1.18      1.30      1.63      2.21      6.73      6.05 


2.13 

2.01 

2.18 

4.8« 

4.94 

l.Sfl 

1.83 

2.0» 

5.78 

6.07 

1.67 

1.88 

2.29 

6.75 

fi.SS 

1.14 

LM 

S.11 

0.56 

4.00 

1.70 

1.80 

2.B7 

6.35 

4.01 

1.48 

1.74 

2.29 

4.87 

6.55 
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Altboogh  tbeie  tm  wide  Tsriations,  it  appears  that  the  nitrogenonB 
fertilizen  tend  to  pcodasn  grains  rich  in  nitrogen  in  the  case  of  tlio 
cereals,  while  they  do  not  in  regaid  to  leguuinooa  pknta.  With 
the  legumes  the  phoapbatic  fertilizers  seemed  to  diminish  the  pro- 
portion of  nitrogen  in  the  seeds. 

MtmemenU  of  Photpkorie  Acid, 

The  movement  of  phosphoric  acid  from  one  part  of  the  plant  to 
another  are  very  remarkable.  Indeed,  this  substance  is  the  mnel 
mobile  among  all  the  inorganic  constituents  of  the  plant.  The  Ci- 
cility  with  which  it  mores  about  is  very  much  greater  than  that  of 
the  nitrogeni^ed  matters.  As  i^ards  the  oat  plant,  Arendt  found 
phosphoric  acid  passing  continually  fn>m  the  lower  parts  of  the 
plant  into  the  upper  parts,  especially  after  the  time  of  flowering: 
The  upper  leaves  and  the  stem  gave  np  at  least  five  eixtlu  of  all 
the  phosphoric  acid  they  had  accumulated,  and  sent  it  into  the  ears. 
A  very  large  part  of  the  phosphoric  acid  in  ripe  grain  has  thus  been 
moved  from  the  leaves  and  ttie  stem,  after  having  once  come  to  rest, 
OS  it  were,  in  those  organs.  One  thousand  oat  plants  contained  in 
their  several  parts,  at  the  stated  seasons,  the  following  amounts  of 
phosphoric  acid,  in  grams :  — 


MMjat         JnilKftar    Beflnnloi       Wlmi 
rullr  heulsd.    Blouum.  of  RTpenliif.       Rl|«. 


S  lower  joints  of  utem    .    .    O.i?  O.aO  0.21        0.30  0.19 

2niiddlajoiutaofateni      .     ...  0.S9  1.11        0.40  O.IS 

Upper  joint 0.60  I.7S        O.Sl  0.30 

Slownleavei l.OS  0.70  0.0»         O.M  O.U 

SupperlMvet     ....    1.7S  1.07  1.18        0.71  0.G» 

Eu S.3a  G.SB        10.07         12.51 

It  is  probable  that  the  phosphoric  acid,  or  rather  the  phosphates, 
which  pass  thus  freely  from  the  leaves  and  stalks  towards  the  ear 
through  tbe  entire  life  of  the  plant,  and  which  accumulate  so  abun- 
dantly in  the  seeds,  have  several  physiological  functions  to  perform, 
in  facilitating  the  transference  of  other  kinds  of  organized  matter 
besides  albumen.  It  is  known,  for  instance,  that  there  are  certain 
pliosphorized  &ts  and  oils  which  tend  to  accumulate  in  small  quan- 
tities in  many  kinds  of  seeds. 

TJu  Aeid  Juiea  of  PlanU. 

The  development  of  vegetable  acids  within  the  plant,  and  the 
changes  they  undergo,  are  subjects  of  no  little  interest,  though  they 
could  be  more  conveniently  discussed,  perhaps,  when  considering  the 
ripening  of  fruit,  than  in  the  present  connection.     It  is  noticed,  for 
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iosUuce,  that  a  good  psii  of  the  tartaric,  malic,  oxalic,  and  other  acida 
in  leaves  and  iu  uuripe  fruits  change  to  sugar  as  the  frails  become 
ripe.  So  long  as  the  acids  themselves  exist  io  the  plant,  they  are  held 
in  combiuation,  i.  e.  usually  and  for  the  most  part,  as  acid  salts  by 
potash,  soda,  lime,  or  magnesia,  while  the  sugar  into  which  the  acida 
are  finally  couverted  has  apparently  no  need  of  the  presence  of  pot- 
ash or  any  other  base.  It  has  b«ea  thought,  indeed,  that  when 
grapes  ripen  the  proportion  of  potash  contained  iu  them  diminUhes. 
It  follows  necessarily,  that,  for  the  case  now  in  question,  potash,  or 
some  other  base,  is  i«aUy  essential  for  the  formation  of  the  sugar 
from  the  acids  at  the  time  of  ripening.  It  was  thought  at  one  time, 
that  even  the  power  to  move  starch  within  the  plant,  which  comr 
pounds  of  potash  are  known  to  poeseea,  might  be  explained  in  some 
such  way  as  this ;  but  various  difficulties  have  presented  themselves 
to  discredit  this  idetL 

3£<n>emeidi  qf  Starch. 

It  is  known  that  starch,  as  well  as  the  albuminoids,  is  movetl 
from  the  leaves  into  the  fruit,  where  it  often  accumulates  in  large 
quantities ;  that  it  is  first  organised  in  the  leaves,  and  that  it  passes 
thence  into  and  towards  tha  frait,  being  made  soluble  in  some  way 
within  the  cells,  and  dissolved  to  such  an  extent  that  it  can  pass 
littls  by  little  through  the  cell  walls  by  way  of  oemose,  and  again 
change  to  true  starch  on  occasion.  It  is  known  that  potash  does 
in  soma  way  play  an  important  part  both  in  the  organization  and 
the  translocation  of  starch,  and  it  has  been  proved  that  potash  does 
not  act  by  virtue  of  its  alkalinity.  At  all  events,  none  of  the  other 
alkalies  are  competent  to  take  its  place. 

In  the  absence  of  potash,  plante  will  not  grow,  and  starch  will 
neiUier  form  in  them  nor  move  in  them,  no  matter  how  much  soda, 
lithia,  onsio,  or  rubidia  may  ho  offered  to  them.  Some  lime  is 
needed  as  well  as  potash,  and  so  is  a  minute  proportion  of  chlorine, 
in  order  that  starch  may  move.  The  action  of  cliluriiie  in  aiding 
the  movement  of  starch  is  akin  to  that  of  iron  in  developing  the  i 
green  grains  of  chlorophyi,  in  that  an  extremely  minute  amount  of 
it  is  competent  to  do  ranch  work.  As  has  been  said  already,  the 
leaves  of  plants  are  white  in  the  absence  of  iron,  and  not  green. 
By  means  of  the  microscope,  observers  have  aeen  the  chlorophyi 
grains  begin  to  grow  and  continue  to  prosper  as  soon  as  they  gave 
a  little  iron  to  plants  that  had  prsviously  been  deprived  of  that 
element. 
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Aa  For  chlorine  itself,  it  is  not  dispoBed  to  accnmalate  in  one  part 
of  a  pkut  more  tlian  in  another ;  nor  does  silica  movs  about  with 
any  freedom ;  on  the  contrary,  it  remaine  wherever  it  may  ont-e 
have  become  fixed.  Lime,  also,  seems  to  be  tolerably  equally  dii>- 
tributed  in  all  parts  of  the  plant, 

Movementt  of  Potath, 

Potash  is,  in  general,  rather  evenly  distributed  throughout  the 
plant ;  but  it  has  been  noticed  that  it  seems  to  pass  slowly  out  of 
grain  into  the  etraw  at  the  time  when  the  grain  ia  ripening.  At  all 
events,  this  backward  movement  is  true  of  the  oat  plant,  in  which 
Arendt  found  more  potash  in  the  stem  than  elsewhere.  The  maxi- 
mum of  potash  was  in  the  lower  part  of  the  ripe  stem,  and  above 
this  point  the  proportion  of  it  diminished  as  the  plants  were  older. 

Both  Araudt  and  Bretschneider  have  observed  that  no  more  pot- 
ash is  fixed  by  oats  after  the  grain  has  begun  to  ripen.  According 
to  Arendt,  the  maximum  of  potash  in  the  ears  was  at  the  time  of 
blossoming ;  after  that  time,  the  proportion  of  potash  in  the  grain 
diminished,  while  the  proportion  of  magnesia  increased.  The  move- 
ments of  potash  in  wheat  plants  has  been  studied  in  no  little  detail 
by  the  French  chemist  Pierre.  (Hoffmann's  Jahiesbericht,  1875- 
76,  p.  304.) 

MoeemmU  of  Magntna. 

Slagnesia  passes  from  the  lower  stem  tu  the  upper  parta  of  the 
plant,  and  increases  constantly  in  the  grain.  It  does  not  appear, 
however,  that  lime  moves,  i.  e.  accumulates,  upward.  Arandt  found 
that,  in  oats,  lime  tended  to  pass  out  of  the  grain,  as  it  were,  as 
it  ripened,  and  to  be  replaced  by  ma^esia.  He  found  also  that 
the  leaves  were  much  richer  in  lime  than  in  magnesia.  Some  of 
the  proportions  were  os  follows : — 16  :  3 ;  IC  :  2 ;  17  :  2.  And,  In 
general,  there  were  5  or  6  times  as  much  lime  as  magnesia  in  the 
leaves.  But  in  the  stem  the  relation  between  the  two  bases  was 
usually  1  ;  1,  or  1  :  1^,  and  on  only  one  occasion  did  ho  find  twice  as 
much  lime  as  magnesia.  A  similar  remark  is  true  of  the  ears ;  and 
in  the  ashes  of  the  ripe  grain  there  was  more  m^:neua  than  lime, 
as  has  repeatedly  been  obeerved  by  other  analysts.  All  these  items 
of  information  mean  something,  of  coorae,  although  no  one  baa  yet 
discovered  what  their  meaning  is. 

Sulphur,  which  is  taken  into  the  plant  in  the  form  of  sulphate 
of  lime,  sulphate  of  magnesia,  sulphate  of  potash,  or  some  other  sul- 
phate, goes  to  form  an  integral  part  of  the  albuminous  matten  in 
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tbe  plant,  aud  of  conrae  moves  abuut  with  these  albnminoids  towards 

the  uppermost  parta  of  tbe  plant,  and  towards  the  grain  and  fruit. 

Where  A»h  IngredienU  do  their  Work, 

It  may  be  said  in  general  of  the  ash  iiigiedleutB,  that  their  work 
is  at  the  extremities  of  the  plant  It  ia  in  the  leaves  aud  young 
Bt«ms,  and  in  ODripe  seeds  and  fruit,  that  tbe  lai^eat  proportions  of 
ash  iagredienta  are  found  under  the  ordinary  conditions  of  growth, 
where  there  is  no  excess  of  soluble  inorganic  materials  in  tbe  soil. , 
In  old  wood,  on  the  contrary,  the  proportion  of  ashes  is  compara- 
tively small. 

It  appears,  therefore,  that  in  the  economy  of  nature  a  very  small 
proportion  of  inorganic  materials  is  sufficient  to  perform  tbe  physio- 
logical functions  necessary  for  the  growth  of  plants  ;  and  this  fact 
has  indeed  been  fully  proved  by  experiments  on  the  growth  of 
plants  in  water  and  in  sand. 

Aeeidtntat  Aih  liiffredienli. 

It  la  true  that  plants  will,  on  occasion,  take  in  a  for  larger  quan- 
tity of  ash  ingredients  than  tbey  have  any  use  fur.  Of  some  things, 
such  as  potash,  soda,  and  chlorine,  they  can  carry  without  injury 
more  than  ten  times  the  quantity  tbat  would  be  sufficient  for  their 
perfect  growth.  But  there  is  always  a  limit  to  a  plant's  power 
of  supporting  the  presence  of  an  excess  of  inoii^nic  matter;  and 
the  health  of  a  plant  may  easily  be  disturbed  by  some  kinds  of 
ash  ingredients  as  soon  as  any  undue  quantity  of  them  has  been 
taken  up. 

The  foregoing  remark  may  perhaps  need  to  be  qualified  in  so 
iar  as  it  applies  to  silica ;  fur  the  amount  of  this  suhatance  tbat  can 
be  supported  by  some  kinds  of  plants  ia  little  short  of  appalling. 
There  is  no  suggestion  either  of  limit  or  of  regularity  as  to  the 
amount  that  such  plants  may  take  in.  Ashes  have  sometimes  been 
found  to  contain  more  than  70%  of  silica,  while  in  other  instances 
only  traces  of  it  could  be  detected.  There  are,  however,  numerous 
plants  which  appear  to  have  no  use  whatever  for  silica,  and  even 
maize  has  repeatedly  been  grown  in  the  absence  of  it. 

Indeed,  Jodin  has  recently  grown,  by  way  of  water  culture,  four 
successive  generations  of  maize  plants,  which  got  no  silica  other  than 
that  from  dust  in  tbe  air,  or  from  tbe  substance  of  the  vessels  which 
held  the  solutions  in  which  the  plants  grew.  Tbe  silica  was,  in 
feet,  lednced  to  an  extremely  minute  trace,  without  any  iitjnry  to 
the  normal  development  of  the  plants.    As  a  result  of  numerous 
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experiments  of  similar  tenor,  a  feeling  has  become  somewhat 
general  that  it  is  hardlf  possible  that  silica  can  have  any  direct  or 
conspicuous  part  to  play  either  in  the  formation  or  the  moving  of 
organic  matters.  But,  on  the  other  hand,  the  laige  amounts  of  it 
that  are  found  in  the  stalks  of  grain  and  grass,  —  to  saj  nothing 
of  the  scouring- rush  (E^iuisetum),  —  continually  suggest  a  doubt 
whether  such  plants  may  not  in  some  way  derive  advantage  from  it. 

Ritthauseii  hag  suggested  that  silica  may  possibly  do  good  by 
dogging  in  due  season  the  cell  walls  of  the  older  parts  of  plants. 
He  urges  that,  when  silica  is  deposited  as  a  gelatinous  or  flocculent 
mass  on  the  walls  of  cells,  the  diffusion  of  the  sap  must  there  be 
hindered,  and  very  much  in  the  same  propoition  as  the  amount  of 
the  sUica,  so  that  finally  the  movement  of  sap  will  cease  in  the 
leaves  specially  affected.  But  this  gradual  dying  of  the  lower  leaves 
is  helpful  for  tfas  growth  of  new  leaves  and  shoots  in  other  parts 
of  the  plant,  to  which  the  useful  matters  that  were  contained  in  the 
lower  leaves  will  naturally  flow  while  the  latter  ore  dying.  In  this 
point  of  view,  slow  clogging  is  essential ;  for  if  the  lower  leaves  were 
to  peiish  suddenly,  their  constituents  could  not  pass  out  from  tfaetn, 
and  would  consequently  be  unable  to  serve  any  useful  puqtoae  for 
the  rest  of  the  plant.  The  depositiou  of  too  much  silica  in  the  ear- 
lier stages  of  growth  would  be  harmful,  by  causing  premature  destruc- 
tion of  the  leaves,  before  they  had  fulfilled  their  l^itimate  purposes, 
BO  that  the  normal  development  of  the  plant  would  he  impaired. 

Recant  experiments  of  Wolff,  made  by  way  of  water  culture  and 
eontiDued  through  several  years,  go  to  show  thst  silica  helps  the 
formation  of  grain.  In  the  ease  of  oats,  at  least,  a  larger  number 
of  perfect  grains  were  formed  in  the  presence  of  silica  than  in  its 
absence. 

Other  things  being  equal,  vigorous  succulent,  luxuriant  plants 
usually  contain  as  large  a  proportion  of  ash  ingredients  as  those  of 
scantier  growth,  and  they  often  contain  more  than  the  latter.  Ex- 
periments go  to  show  that  grain  plants  usually  contain  more  potash 
and  lime,  and  less  silica  (often  less  phosphoric  acid  also),  when  they 
are  rank  and  succulent,  than  when  they  are  stunted,  whence  the 
inference  that  from  one  and  the  same  soil  more  ashes  will  be  taken 
up  by  a  vigorous  than  by  a  feeHe  crop.  Weeds  are  noticeably  rich 
in  ashes. 

It  may  be  said,  in  general,  that  from  a  soil  highly  charged  with 
plant-food  a  crop  will  take  up  far  more  of  some  kinds  of  n^urishmeut 
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than  it  liaa  any  use  for ;  but  that  this  excest  will  sot  iucnaae  the 
yield  of  the  crop,  nor  do  the  plant  any  good.  Aa  regards  the  gcain 
CTOpe,  the  excess  of  ash  ingredienU  thus  taken  up  over  and  above 
what  ia  needed  for  moving  the  starch  and  albumen,  or  what  not,  is 
umply  heaped  up  in  the  strew,  and  in  this  fact  is  found  the  reason 
of  the  high  estimation  in  which  strew  is  biAd  as  a  manure.  If  hay 
is  to  be  sold  off  a  f  inn,  it  will  be  better  to  sell  that  mown  apon  old 
fields  rather  titan  that  from  newly  niannred  land,  where  the  crop 
will  natnrolly  have  surcharged  itself  with  aah  ingredients. 

Familiar  Example*  of  Movementt  of  Matter  in  PlatUi. 

Beside  the  veiy  evident  changes  which  occur  when  plants  an 
ripening  their  seeds,  there  are  other  familiar  appeaiances  which  en- 
force the  lesson  that  each  part  of  a  plant  has  its  own  particular  pnp- 
pose  to  perform  for  the  support  of  the  other  parts.  For  example, 
the  great  general  &ct,  that  one  set  of  organs  may  take  the  things 
necessaiy  for  them  from  another  set,  where  they  have  been  elabo- 
rated, is  clearly  illustrated  when  a  catting  is  planted  and  roots  aro 
thrown  out  from  it  at  the  expense  of  the  matter  which  the  catting 
contains.  In  a  precisely  similar  way,  one  part  of  a  plant  may  be 
seen  to  grow  actively,  while  another  part  is  quiescent,  or  even  dying. 
Nothing  is  more  common  than  to  see  the  lower  leaves  of  a  plant 
curl  up  and  drop  off  at  the  very  time  when  the  upper  leaves  are  in 
a  condition  of  vigorous  growth,  and  it  ia  now  well  known  that 
there  is  an  incessant  tranafarence  of  matt«r  from  the  older  to  the 
newer  parts  of  plants. 

Dewlopm^iU  of  Boctt. 

As  has  been  already  insisted,  most  plants  in  their  earliest  youth, 
immediately  after  ths  very  first  leaves  have  appeared,  develop  a 
comparatively  large  mass  of  roots  before  much  growth  can  occur 
above  gronnd.  The  course  of  growth  of  grain,  for  example,  is  first 
a  number  of  low-lying  leaves,  while  a  great  complex  of  roots  is  in 
process  of  formation,  and  then  suddenly  the  stalk  of  the  pknt 
shoots  up  all  at  once  almost  to  mature  stature.  This  peculiar  habit 
of  growth  may  be  well  seen  in  winter  rye,  which  is  a  crop  that 
makes  ready  in  antumn  for  the  very  rapid  development  of  leaves 
and  stalks  in  the  next  spring. 

Probably  the  roots  of  most  annual  plants  are  completely  devel- 
oped by  the  time  the  formation  of  the  fnit  has  b^un.  With 
biennial  plants,  also,  this  phenomenon  of  a  great  development  of 
toott  daring  the  earlier  periods  of  growth  is  very  evident.     The 
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common  weed,  burdock,  for  example,  oSera  a  conapicuoos  instance 
of  it 

With  perennial  plants,  moreoTer,  the  growth  of  a  new  suit  of 
roota  in  the  spring  of  each  year  precedes  any  rapid  growth  above 
ground.  Indeed,  Hellri^I,  who  grew  clover  two  years  iu  encces- 
aion  in  glaaa  jars,  observed  that  a  new  coiitse  of  life  set  in  eveiy 
time  the  plante  were  mown.  First  of  all,  an  energetic  movement 
of  life  was  seen  below  groand,  when  a  moltitude  of  new  root  fibres 
were  sent  out  into  the  earth  in  all  directions,  and  subeeqnently  a 
new  growth  of  leaves  and  stalks  appeared  ;  i.  e,  the  growth  above 
ground  followed  the  development  of  the  roots  iu  due  course. 

In  general,  the  first  development  of  roots  and  leaves  in  biennial 
and  perannial  plants  does  not  differ  especially  from  that  in  annuals, 
hut  towards  the  end  of  summer  such  plants  proceed  to  store  up  in 
their  stema  or  roota  a  great  quantity  of  nutritive  matters  which 
shall  serve  the  next  spring  for  nounshing  the  first  shoots  and  leaves 
and  rootlets,  much  iu  the  same  way  that  the  matters  in  a  seed 
nourish  the  young  plant  at  the  time  of  germination.  It  has  long 
been  known  that,  in  deciduous  trees,  for  examjde,  great  qnantitiea 
of  Btsroh  and  other  matters  are  stored  up  within  the  tissues  of  the 
Btems  and  roots  towards  the  end  of  summer  and  in  early  autumn. 
Before  the  leaves  of  trees  fall  in  autumn,  they  have  given  up  to  the 
twigs  and  stem  a  large  proportion  of  the  staroh  and  albuminoids,  as 
well  as  the  potash,  phosphoric  acid,  and  other  usefnl  ash  ingredi- 
ents, that  were  previously  contained  in  them.  But  the  next  spring 
when  returning  warmth  excites  the  tree  to  renewed  vigor,  the 
starch  which  has  thus  been  stored  is  changed  to  sogar,  or  dextrin, 
or  gum,  and  these  substances,  together  with  the  other  matters  that 
were  laid  by,  servo  for  the  development  of  new  foliage.  In  ever- 
green trees  there  is  less  need  that  starch  should  be  stored  in  the 
wood,  becanse  such  trees  are  constantly  covered  with  foliage,  and 
have  no  such  marked  period  of  rest  as  the  deciduous  trees. 
Stonufi  o/  Food  /or  the  next  Teat'i  Uu. 

Several  £imiliar  crops  consist  of  reservoirs  of  nutritive  matters  that 
have  been  stored  away  for  the  next  year's  use  by  biennial  plant& 
Such  plants  as  beets,  carrots,  turnips,  parsnips,  salsify,  onions,  and 
potatoes,  for  example,  arc  in  this  cat^^ry,  and  so  aro  cabbages, 
kohlrabi,  and  csulifloweis.  During  the  greater  port  of  the  sum- 
mer the  leaves  of  these  planb  elaborate  food,  and  transfer  it  to  the 
underground  taproots  or  tubers,  or  to  the  "  heads  "  of  cahbt^ee  or 
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tlio  like,  which  occoidingly  grow  to  a  1a^  size  by  tfae  time  whea 
cold  treathor  sets  in.  Next  yeu,  if  such  roots  ore  placed  in  the 
earth,  tbej  immediately  proceed  to  throw  up  a  flowei^talk,  which 
bean  seeds  in  due  course,  both  the  flowers  aud  seeds  being  nour- 
ished for  the  nioet  part  by  the  matters  that  wers  accumulated  in 
the  root  or  stem  during  the  previous  year. 

So  it  is  with  the  trees  which  store  up  starch,  etc.,  in  the  winter  for 
the  next  year's  use.  Desbarres  found  in  peeled  wood  from  young 
tw^  of  Rhus  el^aos  in  winter,  and  in  spring  after  buds  had  un- 
folded, the  following  substances :  — 

W!nt«r.  Bprlng. 

%  % 

DirmattBr 72.16  88.70 

A^ca 1.80  1.S3 

Surch 17.81  1.57 

Albomiuoids B.42  2.2$ 

Besides  starch,  various  other  matters  are  thns  stored,  notably 
albuminoids,  pectose,  btty  oils,  and  amids,  aa  has  Iwen  aaid.  In 
some  plants,  such  as  the  sugar-cana,  sorghum,  Indian  com,  and 
beet  roots,  starch  is  replaced  by  cane  sugar,  and  in  the  onion  hy  a 
variety  of  grape  sugar.  In  the  roots  of  other  plants,  such  oa  the 
dahlia,  and  others  of  the  Compositfe,  inullo  is  found  instead  of 
starch. 

FlowerB  and  Fruit  are  derived  from.  Leaeet. 
It  is  true  in  general,  not  only  of  biennial  and  perennial  plants, 
but  of  annuals  also,  that  flowers  and  fruit  derive  most  of  their  con- 
stituents not  immediately  from  the  air  or  from  the  soil,  but  either 
directly  or  indirectly  from  the  lesves  in  which  matters  taken  in 
from  the  air  or  from  the  soil  have  been  transformed  into  organized 
substances. 

The  importance  of  having  well-developed  leaves  in  order  that  a 
crop  may  succeed,  has  been  illustrated  repest«dly  in  experiments 
that  were  made  many  years  ago,  in  the  hope  of  checking  the  potato 
rot.  The  idea  was,  that  if  the  potato  vines  were  mown  immediately 
alter  the  fungus  (Peronospers)  which  causes  the  disease  had  ap- 
peared upon  them,  the  progress  of  the  latter  m^ht  be  checked,  aud 
a  considerable  harvest  of  tubers  stiU  be  obtained.  There  is  proba- 
bly something  of  truth  in  this  conception  in  so  far  as  it  relates  to 
the  saving  of  tubers  that  havs  already  grown  before  the  fungus  ap- 
pears, and,  were  it  not  for  the  cost  of  the  operation,  it  might  be  well 
to  mow  potato  vines  as  soon  as  the  rot  fungus  is  seen  upon  them. 
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But  it  mnat  be  temembeKd  that  the  tabeis  will  practically  ceaae  to 
grow  when  the  vinea  hare  been  cat  off,  either  bj  meaoa  of  a  acyth^ 
or  throDgh  the  deetructive  action  of  the  rot  fungus.  By  ramoving 
the  leaves,  the  plants  are  deprived  of  the  organs  in  which  mxtters 
are  elahoiated  for  incTeaaing  the  aize  and  weight  of  the  tabeis.  The 
following  expeiitnent,  by  Dietrich,  may  be  taken  aa  a  sample  of 
many. 

On  a  potato  field  that  had  been  planted  May  20,  he  staked  ont 
four  plots,  each  containing  150  planta,  and  he  tested  and  moived 
the  plots  at  four  different  periods,  as  follows.  Ten  weeks  after 
planting  (i.  e.  on  July  29)  50  planta  were  dug  up  on  Plot  I.,  and 
the  vines  of  the  other  hundred  planta  were  cut  off  a  short  distance 
above  the  earth.  In  this  case  new  eboots  were  speedily  thrown 
up,  but  they  were  afl^rwards  attacked  by  the  rot  fungus.  Twelve 
weeks  after  planting  (August  16)  Plot  II.,  and  fourteen  weeks  after 
plantii^  (August  30)  Plot  III.,  were  treated  in  the  same  way;  but 
no  new  shoots  came  up  in  either  of  these  casee.  Eighteen  weeks 
after  planting  (September  13),  the  vines  on  Plot  IV.  were  found  to 
be  dead.  Indeed,  they  bad  disappeared  bo  completdy  that  there 
was  nothing  left  to  cut ;  hence  the  tubers  of  50  plants  were  dug 
up  at  that  time,  whUe  those  of  the  other  100  plants  were  left  in 
the  ground.  L'p  to  the  16th  of  August,  the  growth  of  the  crop  ap- 
peared to  be  excellent ;  but  at  that  time  it  became  evident  that  the 
rot  fungus  was  firmly  established  upon  the  plants.  At  the  time  of 
the  third  mowing,  the  vines  were  weilnigh  destroyed  by  the  fuDgns. 
On  the  4th  of  October  the  tubers  were  dug  on  all  the  plots  and 
weighed.  In  the  table  the  results  are  all  stated  in  terms  of  103 
plante,  merely  for  the  sake  of  oonvenicnce. 

lOOFUnb  TIcMfdIK  IM  FUinU  Oaralb-nr 

pulled  upon  ofTiilMni.  mown  nn  Tobet*  tn  Oet 

29  July 20  29  July 81 

leAoRust ei  IflAugiiHt 74 

SO  Angiist 99^  30  August 65 

13  September   ....     71  13  September  ....     78 

No  rotting  potatoes  were  found  where  the  vines  liad  been  mown, 
excepting  one  quarter  of  a  pound  in  the  case  where  the  vines  wtre 
mown  on  July  29.  But  small  quantities  (1  or  2  lb.)  of  the  pota- 
toes that  bod  been  pulled  up  were  found  to  be  rotten  at  the  time  of 
weighing. 

Ten  weeks  after  planting  the  pototoes,  which  were  of  a  later  va- 
riety than  ia  usually  grown  nowadays,  it  was  obaeived  that  no  mora 
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than  half  the  normal  Bumber  of  tubers  had  grown,  and  th&t  these 
were  small,  and  hardly  half  as  heavy  as  they  should  be.  The  dis- 
ease was  even  then  at  work,  and  all  the  subsequent  trials  were 
vitiated  by  the  piesence  of  it.  It  was  evident  that,  as  soon  as 
potato  vines  are  attacked  by  ths  peronoepera  fungus,  they  cease  to 
be  able  to  supply  materials  for  the  development  of  the  tubers,  and 
that  consequently  no  harm  can  then  be  done  by  cutting  the  vines 
away. 

Harvating  of  Foragt  Grop», 

From  what  has  been  eaid  of  the  functions  of  leaves,  it  fellows 
that  a  fbn^  crop,  like  hay,  should  be  cut  not  ve>7  much  later  than 
the  time  of  flowering ;  or,  rather,  it  should  be  cut  before  the  seeds 
have  made  too  much  progress  towards  maturity.  If  grass  were  left 
nntil  its  seeds  had  actually  ripened,  a  great  part  of  the  albumen, 
starch,  and  other  materials  which  have  value  as  fodder,  would  have 
gone  out  of  the  leaves  and  stem  into  the  seeds.  But  the  seeds  may 
easily  be  lost,  either  by  dropping  out  of  the  hay,  or  by  passing  un- 
digested through  the  stomachs  of  the  cattle,  or  by  being  eaten  by 
mice  and  weevils.  When  this  oountiy  was  newer  than  it  is  now, 
it  was  a  constant  subject  of  remark  among  farmers,  that  timothy  is 
apt  to  spring  up  on  wild  wood  roads  where  horse  duug  has  been 
dropped. 

lu  general,  it  will  be  best  not  to  mow  grass  at  the  moment  uf 
flowering,  but  soon  after  the  seeds  have  begun  to  form ;  that  is  to 
say,  while  the  eeeds  are  still  soft  and  watery,  for  the  sum  total  of 
nourishment  iu  the  plant  will  then  be  larger  than  when  the  plant 
was  in  flower.  But,  practically,  can  must  be  taken  not  to  delay 
too  long,  because  of  the  tendency  of  the  seeds  to  ripen  at  the  ex- 
pense of  the  stalk  after  the  harvest ;  and  because  of  the  fact  that 
the  lower  part  of  the  giass  stems  b^ns  to  deteriorate  immediately 
after  the  plant  has  flowered,  that  is  to  say,  as  soon  as  the  seed  be- 
gins to  grow  at  the  expense  of  the  matters  in  the  stem. 

The  oat  plant  afl'ords  a  striking  instance  of  the  liability  of  hay  to 
undergo  this  kind  of  deterioration.  Cut  soon  after  flowering,  tlus 
entire  plant  is  greedily  eaten  by  cattle,  and  it  conetitntes  an  admi- 
rable kind  of  forage ;  but  after  the  grain  has  ripened,  oat  straw  is 
not  much  better  than  any  other  kind  of  straw. 

There  is  no  need  to  insist  that  the  ripe  oat  crop,  that  is  to  say 
a  miztuifi  of  ripe  oats  and  dead  straw,  would  usually  be  a  lees  ad- 
vantageous kind  of  fodder  than  oat  hay  cnt  at  such  a  atage  of  growth 
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that  pretty  much  all  of  the  nutriment  of  the  ripe  crop  would  be 
evenly  dietributed  in  eveij  part  of  it  It  is  true  enough  that  by 
passing  the  ripe  straw  thioagb  a  hay-cutt«r  leather  with  the  oat 
grain,  and  steaming  the  miztuie,  an  excellent  fodder  could  be  pre- 
pared ;  bnt  it  would  not  be  much  better  than  the  oat  hay,  and  it 
would  be  more  costly. 

It  should  be  clearly  understood,  however,  that  in  no  case,  either 
from  the  ripest  straw  or  from  dead  antumn  leaves,  have  the  nutri- 
tive and  fertilizing  conatitaenta  pasaed  completely  out  from  the 
older  parts  of  the  plant,  for  the  walla  of  theircells,  ore  part  of  tbeoe 
walls  at  least,  must  necessarily  remain  behind  in  any  event,  and  a 
amall  part  of  the  contents  of  the  cells  most  remain  also. 
Harvatiitg  of  Grain. 
■With  regard  to  the  phenomena  which  determine  the  timee  of  har- 
vesting grain  crops,  it  ia  a  matter  of  fiimiliar  observation  ttiat  the 
standing  crop  ceases  to  grow  soon  after  the  ean  have  &irly  formed. 
It  is  evident  enough  that  from  this  time  forward  the  grain  ripens  at 
the  expense  of  the  leaves  and  stalks.  Hence  the  common  cuatom 
of  brmeia  to  cut  grain  before  it  is  fully  ripe,  and  to  leave  it  to  ripen 
in  sheavee  and  stocks,  in  order  to  avoid  loss  by  shaking.  After  the 
heads  have  &irly  formed,  it  is  little  matter  whether  the  plants  re- 
main connected  with  their  roots  or  not.  In  either  eveu^  it  can  be 
seen  that  the  stalks  gradnally  dry  up  and  change  to  stoaw,  from 
below  upwards. 

These  changes  are  similar  in  kind,  though  Iras  emphatic  in  degree, 
thau  those  witnessed  in  the  eiperiuient  of  Buussingault,  where  oat 
plants,  taken  from  a  field  when  in  blossom,  and  thereafter  kept  in 
distilled  water,  ripened  a  number  of  aeeds  of  good  tonality  ;  or  in  the 
experiment  of  Knop,  who  found  that  a  maixe  plant,  grown  by  way 
of  water  culture,  had  taken  up  at  the  time  of  flowering  enough 
matter  to  enable  it  to  perfect  its  fruit  The  plant  in  question  pro- 
duced and  ripened  a  perfect  ear  of  com,  although  afW  the  time  of 
flowering  it  received  no  nourishment  whatever  other  thau  what  it 
could  get  from  atmospheric  air  and  pure  distilled  water.  The  de- 
tula  of  the  changes  which  plants  undergo  in  ripening  have  been 
carefully  studied  by  several  chemists,  particularly  with  i«^ard  te  the 
oat  plant,  under  which  bead  they  will  be  more  fully  considered. 
DeadrTvpe  SeedM  the  bat  /or  Somtig. 

The  significance  of  after-ripening  for  the  formation  of  perfqpt  seeds 
has  been  studied  by  UeUriegal  in  connection  with  the  question  as  to 
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the  inflnencs  of  ripeneaa  on  the  genniiutivB  power  of  seeds.  He 
selected  a  Dumber  of  ija  pluits,  from  a  good  field  of  this  giaiD,  at 
five  different  perioda  of  tipeaess.  let.  Ob  June  26,  when  both  grain 
and  straw  were  gtill  oompletel;  gieen,  and  the  aeeds  rery  small  and 
watery.  They  yielded  a  clear  liquid  when  pressed.  2d.  On  Joly  3, 
when  the  straw  was  still  green,  thoagh  the  seeds  were  large.  Tbey 
yieUed  a  milky  juice.  3d.  On  July  10,  when  the  straw  had  begun 
to  be  yellow,  and  the  seeds  were  full  of  Btatch,  thongh  still  green 
end  very  soft  4th.  Od  July  18,  whan  the  straw  was  yellow  and 
rather  dry,  and  tbe  seeds  hard  and  no  longer  juicy  (yellow-ripe). 
Sth.  On  July  30,  when  both  straw  and  grun  were  dry,  and  the 
latter  much  inclined  to  shake  out  of  the  eara  (dead  ripe). 

£ach  of  these  five  collections  was  divided  into  four  portione,  as 
follows '.  Isb  A  quantity  of  the  grain  was  completely  removed  from 
the  plant  at  the  moment  of  collection,  eo  that  the  seeds  could  thence- 
forth get  nothing  from  the  plant.  2d.  A  namber  of  ears  were  cut 
off  and  tied  up  in  bundles.  Hare  a  small  amount  of  after-ripening 
was  possible,  at  the  expense  of  the  chaff.  3d.  A  number  of  stalks 
were  cut  off  several  inches  above  the  earth,  to  imitate  the  ordinary 
process  of  reaping,  and  then  tied  in  sheaves.  Here  after-ripening 
could  occnr,  as  in  ordinary  field  practice.  4th.  A  nnmber  of  plants 
were  dug  up  so  as  to  leave  as  many  as  possible  of  the  roots  attached 
to  tbe  stalks,  and  the  plants  were  then  placed  with  their  toots  in 
distilled  water ;  the  idea  being  to  iacilitate,  in  so  far,  tbe  process 
of  after-ripening.  At  the  end  of  September  all  the  seeds  were  re- 
moved from  the  plants,  and  parcels  of  them  were  sown  in  pots  and 
in  the  field  at  the  beginning  of  October.  Each  of.  the  parcels  sown 
in  pots  contained  100  seeds,  and  those  sown  in  the  field  contained 
60  seeds.  Two  kinds  of  soil  were  chosen,  one  a  rich  garden  earth, 
and  the  other  a  poor  sandy  loam.  So  that  each  of  the  trials  was 
duplicated.  The  seeds  of  the  first  collection  were  dimiontively 
smAll,  and  even  those  of  tbe  third  collection  were  much  shrivelled. 
The  following  table  gives  the  absolute  weight  in  milligiams  of  100 
of  the  aiinlried  seeds  as  collected  at  the  several  stages  of  ripeneai 
above  described. 

t         n.        in.      IV.        v. 
Seedi  removed  ini)nediitelj  from  mra  .     1043      1468      1S37      2029      SSSS 

Seeds  left  in  the  e*ra ]OSB       148S      18S1      2flS0      S233 

Seeds  left  attsched  to  the  straw  .  .  .  1131  1463  1889  2030  £228 
Sm4(  laft  on  plants  whoae  roota  were 

^U)ed  in  water 137S      1$44      2023     3107      238S. 
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Whence  it  appears  that  the  seeds  of  the  first  collection  had  ac- 
quired less  than  half,  and  tliose  of  the  second  collection  hardl;  two 
thirds,  their  normal  development. 

The  comparative  heaviness  of  the  several  parcels  is  shown  by  the 
following  table,  which  gives  the  specific  gravities  of  the  airnlried 
seeds,  at  the  several  stages  of  ripeness,  as  before. 

I.        II.        ni.       IV.        T, 
Seeds  reinoved  immediatel?  from  ean   .     1.166    1.S60    1.280    1.2S0    1.890 

Seed!  left  in  the  can 1.1S5    1.270    l.SSO    1.290    1.29D 

Seeds  left  attached  to  the  straw    .     .     .     1.1S5    1.200    1.270    1.200    1.390 
Seeds  left  on  pUnts  whose  tooU  were 

in  mtcr L230    1.270    1.S80    l.Wft    1.800 

The  following  tabular  statements  give  the  average  percentage  of 
seeds  that  germinated  and  grew  when  sown  in  jars  of  earth. 

A,  Seeds  that  were  removed  immediately  from  the  ears  :  — 
I.  iL        in.         IV.  V. 

4(  G  Bl  34  81 

It  appears  dearly  that  in  the  earlier  stages  of  their  development 
the  seeds  have  very  little  genninative  power;  that  this  power  in- 
creases with  the  development,  and  is  at  its  best  vrhen  the  seeds  are 
fully  ripe.  Indeed,  Hellriegel  expresses  a  doubt  whetherit  can  justly 
be  said  that  seeds  so  immature  as  those  of  his  first  two  periods  are 
capable  of  germination ;  for  since  the  seeds  in  an  earof  gndn  do  not 
all  develop  at  precisely  the  same  rate,  it  is  possible  that  a  few  preco- 
cious individuals  may  have  attained  a  def^e  of  ripeness  not  really 
proper  to  those  periods.  It  is  remarkable  that  even  the  seeds  of  the 
4th  collection  did  not  germinate  freely,  although  they  were  tolerably 
hard  and  dry  when  taken  from  the  ears.  The  yonng  plants  from 
the  overripe  seeds  were  decidedly  the  strongest  and  most  vigorana, 
the  others  being  smaller  and  feebler  very  much  in  proportion  as  the 
seeds  &om  which  they  grew  had  been  gatiiered  eariier. 

The  results  uf  the  trials  with  seeds  sown  in  (be  open  field  were 
similar  to  the  forcing ;  the  less  ripe  the  seeds,  the  fewer  of  them 
germinated,  and  the  weaker  were  the  yonng  plants  On  tlie 
sandy  soil,  these  dlEFerencee  persisted  throughout  the  entire  life  of 
the  plant,  but  in  the  rich  garden  soil  the  weak  plants  soon  grew 
strong,  and  were  equal  to  the  best  before  they  had  ripened.  As 
Hellriegel  has  shown  in  another  connection,  the  hurtful  influence  of 
light  seeds  may  speedily  be  overcome  in  a  fertile  soil  where  all  the 
conditions  are  &vorable  for  growth,  while  on  poor  or  dry  land  a 
Gtop  may  never  recover  when  thus  crippled  at  the  start. 
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B.  or  seeds  that  wen  left  attached  to  the  straw  nntil  jost  before 
sowiD^  and  BO  Bubjected  to  after-ripening,  there  germiuated, 

I.  II.  HI.  IT  V, 

77i  77i  7S1  Sai  S8 

It  is  notewortliy  what  an  enormous  influence  the  after-ripetiitig 

had  upon  the  germination  of  seeds  from  the  1st  and  2d  collections. 

But  it  was  remarked  that  as  r^jards  the  vigor  of  the  young  plauta 

the  iuflueuce  of  the  after-ripening  was  less  pronounced. 

C.  Of  seeds  that  were  left  in  the  ears  merely,  there  germinated, 

t  IL  HI.  IV.  T. 

81  73  S2  81  SIJ 

Even  here,  where  the  after-ripening  was  due  merely  to  matters 

that  could  pass  out  of  the  chaff  into  the  seeds,  the  geTminativa 

power  was  enormously  increased,  though  the  young  plants  were  very 

feeble. 

J).  The  seeds  left  on  plants  whose  roots  were  put  in  water  ger- 
minated as  follows  :  — 

I.  II.  III.  IV,  V. 

61  62^  87  91  84} 

These  reaulta  were  disappointing,  because  better  things  had  been 
expected;  but  in  view  of  the  rough* manner  in  which  the  plants 
were  dug  up  (with  a  spade),  it  is  easy  to  believe  that  their  roots 
were  injured,  and  that  the  plants  w^re  in  no  fit  condition  to  uonrish 
their  seeds  normally. 

The  following  experiment  may  serve  to  illustrate  the  lapidity 
with  which  after-ripening  occurs.  A  quantity  of  rye  was  mown 
before  complete  ripeness  ;  one  quarter  of  it  was  deprived  at  once  of 
its  seeds,  and  the  rest  kept  in  a  cool,  shady  place,  where  the  plants 
oould  ripen  off  without  spoiling,  or  drying  too  quickly.  After  8 
days  the  second  quarter  was  threshed,  after  27  days  the  third 
quarter,  and  after  50  days  the  fourth.  One  thousand  kernels  of 
this  rye  dried  at  212°  F.  weighed  in  grams  :  — 

.     OalntB 
Takea  from  the  ear  immediately  on  harvcstiDg   .     .    .     19.890        .... 

Ditto,  after  B  days 22.100         11,1 

Ditto,  after  S7  days 33.240         11.8 

Ditto,  after  60  days S2.0S0         10.9 

That  is  to  say,  8  days,  and  to  all  appearance  less,  were  sufficient 

to  complete  the  process  of  after-ripening. 

It  is  evident  from  Hellriegel's  experiments  that,  for  use  as  seed- 

grain,  dead-ripe  seeds  must  be  in  all  cases  the  best  and  the  aorest, 
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uid  that,  the  1ms  ripe  the  seed,  so  much  the  feebler  will  be  its 
fFermiiiative  power  aud  the  initial  productive  power  of  the  young 
plant  Practical  illuatration  of  these  propositions  is  giTen  eonetantl; 
by  those  over-iipe  kernels  which  shake  out  upon  the  fields  when 
grain  is  harvested.  When  timelj  showers  occnr,  euch  self-planted 
grain  viU  sometimes  germinate  and  grow  with  a  vigor  which  is 
surprising. 

ImperfeA  Setdt  are  ipeeiaily  iU-adapted  for  Poor  Land, 
On  poor  land,  two  marked  disadvant^^  due  to  imperfect  see^ 
manifest  themselves ;  viz.  fewer  plants  are  developed  than  there 
would  be  by  good  seed,  and  these  weak  plants  remain  feeble  all 
their  lives.  Whereas  on  good  soils,  as  has  been  said,  the  chief 
trouble  from  poor  eeed  is  that  comparatively  few  plants  are  devel- 
oped. What  plants  there  are  soon  overcome  their  fitst  veaknees, 
and  finally  attain  to  a  robust  development.  Thus  HelliJe^  found, 
as  the  average  of  his  four  series  of  experiments,  that  each  sin^e  rye 
plant  grown  on  aandy  loam  yielded  the  following  amounts  in  grams 
according  as  the  seeds  hod  been  collected  at  the  stated  periods  of 
development :  — 

n_|.       Stniw  and       Total 
'*™^  Ch»t  Cmp. 

No.  1 0.137        0.770       0.8»7 

Ko.  II 0.«5         1.2M        l.ni 

No.  HI 1.M3         8.897        a.76» 

No.  IV 1.181         2.88S        4.047 

No.V 1.076         2.82*        S.SW 

But  when  grown  in  garden  earth,  each  single  plant  yielded  on  the 
averts  of  ^he  four  series  of  experiments  :  — 

No.  L 4.693        9.241        13.9M 

No.  II 6.116      10.736        16.851 

No.  Ill 6.653      10.553        K.IOS 

No.  IV. 5.438      10,926       16.S63 

Ho.  V 6.726      11.211        18.936 

Cropt  need  to  he  fed  when  I'onng. 
There  is  still  another  point  of  view  from  which  to  regard  the 
process  of  ripening.  Inasmuch  as  every  plant  has  to  form  roots, 
leaves,  and  stem  before  the  fmit  can  appear,  i.e.  organs  which 
collect  and  store  up  the  materials  from  which  the  fruit  is  formed,  it 
follows  that,  in  case  a  plant  has  not  been  able  to  collect  a  sufficient 
quantity  of  these  fruit-producing  constituents  by  the  time  of  fiower- 
ing,  it  cannot  by  any  possibility  bear  abundant  fruit.  Hence  the 
importance  of  supplying  to  seed-crops  from  the  first  moment  of 


jbvGooglc 


LABGE  A^'D  SMALL  BOOTS.  369 

their  growth  pnper  qaiutitieB  of  all  the  kinds  of  food  that  an  n»- 
cessaiy  to  form  gnin  as  well  as  leaves.  Knop's  maiie  plant,  for 
instance,  would  not  have  ripeiwd  seed  as  it  did  unlets  it  had  been 
well  fed  when  joang. 

With  forage  crope  the  case  is  somewhat  difieient  There  would 
be  no  great  harm  in  forcing  them  to  hear  luxuriant  leavee  b;  means 
of  nitrogeiuzed  manures,  provided  always  that  the  growth  is  not  w> 
rank  that  the  plants  will  lodge.  It  would  he  mere  folly,  however, 
to  attempt  to  force  a  grain  crop  in  this  way,  nnless  the  yonng  plants 
had  access  to  an  abundance  of  phosphoric  add,  and  all  the  other 
ash  ingredieats  necessary  for  the  formation  of  grain,  as  well  as  to 
nitrogen,  and  aniees  the  conditions  were  &vorable  for  the  consump- 
tion of  the  ash  ingredients  by  the  plants. 

The  same  leasoning  that  teaches  the  necessity  of  the  early  har- 
Tasting  of  forage  crops  applies  of  course  to  green  crops  that  are  to 
be  turned  under  as  manure.  They  should  be  ploughed  under  when 
in  flower,  or  even  jnst  before  flowering,  for  at  that  time  they  are 
richest  in  easily  decomposable  organic  matters,  and  contain  nearly 
all  the  ash  ingredients  they  are  capable  of  talODg.  It  is  usually 
important,  moreover,  in  green  manuring,  to  save  as  much  time  as 
possible  in  order  to  get  in  another  crop,  and  to  avoid  th«  formation 
of  seeds,  whether  those  of  the  crop  itself  or  of  the  weeds  that  grow 
with  it. 

Large  BeeU  tatd  T^rrnipi  leu  Nklrilioiu  than  Small, 

In  respect  to  root  crops,  a  consideration  of  general  interest  is 
whether  large  roots  or  small  roots  are  most  nutritious.  It  was 
noticed  long  ago  by  the  Qennan  jarmers,  that,  when  they  manured 
mangolds  with  night-soil,  they  got  enormous  roots  indeed,  but  very 
watery  roots.  And  careful  experiments  have  conflnned  this  obser- 
vation ;  BO  that,  as  a  general  rule,  it  may  be  said,  the  larger  the 
root,  the  larger  the  proportion  of  water  contained  in  it,  as  compared 
with  the  amount  of  solid  matter.  But,  on  the  other  band,  there 
can  be  no  doubt  that  it  is  good  husbandry  to  grow  large  roots 
when  possible,  sinee  the  advantages  as  regards  labor  and  supervision 
are  greatly  in  their  favor. 

As  for  the  greater  feeding  value  of  small  roots,  it  was  noticed  at 
the  close  of  the  last  century  by  Toung,  that  in  some  parts  of 
En^nd  the  butohers  preferred  and  would  give  more  money  for 
turnips  that  had  never  been  hoed,  and  had  consequently  grown  nn 
larger  than  a  double  flat,  to  those  which  had  been  coltivated  with 
VOL.  IL  —  24 
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the  greatest  care,  and  were  as  Ui^  ta  a  peck  measure.  Yoang 
ridiculed  the  idea,  and  tnm  the  former'a  point  of  view  it  i>  abeuid; 
but  for  the  butcher,  who  buys  the  turnips  hj  weight,  merely  as  so 
much  cattle  food,  and  who  has  no  pro&l  in  cultiYatiiig  them,  the 
small  ones  are  doubtless  beat. 

"With  regard  to  the  comparative  power  of  Tsrioos  crops  to  ex- 
haust land,  enough  has  been  said  perhaps  already  under  the  head 
of  BotatioD. 


CHAPTER  XVIIL 


Bablgt  may  well  be  studied  aa  the  fiist  example  of  a  special 
crop,  because  it  is  the  most  widely  distributed  of  the  gnuns.  It  has 
been  longer  cultivated,  perhaps,  and  more  gaoenliy  cultivated,  than 
any  other.  The  growth  of  the  barley  plant  has  been  very  oarefiilly 
investigated  withal  from  the  scientific  point  of  view.  Barley  grows 
very  far  to  the  north,  even  in  Lapland  and  Iceland.  Good  crops 
are  got  constantly  iu  some  localities  as  high  as  latitude  70°.  It  hAs 
the  great  merit  that  its  term  of  growth  is  short  And  this  state- 
ment is  particularly  true  of  high  latitudes,  at  least  as  i^aids  Ael- 
tered  eunny  situations  not  too  high  above  the  eea  level. 

Id  some  Swedish  localities  barley  is  said  sometimes  to  ripen  in 
the  course  of  six  weeks,  and  not  in&eqnently  in  seven  or  eight 
weeks.  So  too  in  some  Norwegian  valleys,  barley  is  reaped  in 
favorable  years  8  or  9  weeks  after  the  seeds  are  sown,  and  it  is 
possible  to  get  two  crops  in  a  summer.  Indeed,  there  is  a  &nn  in 
Thelemarken  called  Triset,  which  owes  its  name  to  the  fbct  that  one 
year  three  successive  bailey  ciope  were  reaped  npon  it.  In  thoee 
regions  the  stalks  are  often  seen  to  grow  two  or  three  inches  in  a 
day.  Ordinarily,  however,  the  term  of  growth  of  the  bariey  crop  la 
some  60  or  90  days,  aay  13  weeks.  Although  grown  &a  to  the 
north,  barley  is  not  so  well  able  as  rye  or  wheat  to  live  through 
the  winter.  Even  in  New  England  it  is  grown  as  a  summer  crop, 
though  in  countries  where  the  winters  are  milder  varieties  of  winter 
barley  an  sometimes  cultivated. 
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Mention  has  already  been  made  of  the  inflaence  of  continuous 
ligliC  in  hnateuing  tlie  growth  uf  barley  in  high  uortheru  latitudes, 
and  of  tlie  remarkable  circumstance  that  the  character  there  im- 
pressed upon  the  crop  by  its  exposure  to  light  through  many  geuer- 
atioDS  may  be  retained  for  a  tims  when  the  seed  is  carried  to  more 
southern  localities.  In  one  experiment,  barley  that  bore  ripe  grain 
at  Alteu  (70°  S.)  67  days  after  it  vas  sown,  required  only  67  days 
to  ripen  at  Bie^u  in  Germany  (51°  N.) ;  and  an  instance  is  re- 
ported where  some  of  the  Alten  barley  aown  at  Christiania  (60°  li.) 
ripened  io  65  days,  the  crop  having  been  somewhat  forced,  as  was 
supposed,  by  the  warmer  climate  of  Christiania. 
BarUj/  hoM  a  wide  Eange. 

Barley  is  still  cultivated  more  frequently  in  Sweden  and  Norway 
than  any  other  gnin.  As  a  matter  of  history,  it  has  been  longer 
cultivated  there  than  any  other  cereal  It  was  grown  there  even 
earlier  than  rye.  Indeed,  the  name  "com"  has  been  applied  ezcln- 
sively  to  barley  by  the  Northmen  from  very  early  times.  In  Ice- 
land, barley  was  grown  from  the  time  the  island  waa  colonized,  in 
870,  till  the  middle  of  the  fourteenth  century,  oi  even  as  late  as 
the  year  1400.  After  that  time,  however,  the  Icelanders  appear  to 
have  imported  theii  supplies  of  grain,  and  not  to  have  grown  bai- 
ley in  any  systematic  way ;  though  in  the  last  century  efforts  were 
made  to  have  the  old  custom  revived,  and  again  quite  recently. 
In  1883,  barley  was  reaped  at  Heykjavik  in  Iceland  98  days  after 
the  seed  was  sown.  The  chief  difficulty  in  these  northern  countries 
is  from  severe  night  frosts  when  the  barley  plants  are  young.  Such 
frosts  are  oilen  very  destructive. 

In  the  year  1880  some  2,000,000  acres  of  barley  were  grown  in 
England  and  Scotland,  against  3,000,000  acres  of  wheat  and  49,000 
acres  of  rye. 

Barley'  grows  &r  to  the  south  also  as  well  as  at  the  north, 
and  it  is  much  used  for  feeding  horses  in  some  southern  countries. 
Indeed,  it  habitually  yields  two  crops  each  year  on  the  same  soil  in 
hot  climates.  In  Sicily  the  barley  sown  in  autumn  ripens  in  May, 
and  that  sown  in  May  ripens  before  the  autumn.  In  temperate  cli- 
mates barley  is  much  less  important  nowadays  even  than  rye,  when 
considered  merely  as  a  bread  crop,  but  lai^e  quantities  of  it  are  still 
grown  for  the  purpose  of  making  beer  and  molt,  and  not  a  little 
barley  is  used  directly  as  fodder. 
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Whif  Barlei/  it  vted/or  Seer. 

The  reason  why  barley  is  used  for  making  beer  iu  prefetene«  to 
the  other  greiiu.  such  as  rye,  wheat,  or  nutize,  is  thdt  barley  nialt 
contains  a  largeT  proportion  of  certain  unorganized  ferments,  each 
as  "diastaae"  and  "maltin,"  than  malt  that  hoe  been  mode  from 
either  of  the  other  kinds  of  grain.  In  all  kinds  of  starchy  seeds 
t)ie  starch  changes  to  sagar  and  dextrin  at  the  moment  of  germi- 
natton,  throi^  the  action  of  the  alhnminons  matters  of  the  seed ; 
or,  rather,  the  albuminous  matters  themselves  undergo  such  changea 
when  the  seed  germinates  that  some  parts  of  them  act  as  ferments 
as  regards  the  starch,  which  is  thereby  changed  first  to  dextrin  and 
then  to  sugar. 

In  germinating  barUy,  in  particular,  these  altered  albuminoids 
are  found  in  sptecial  abundance,  and  of  peculiar  efficiency  for  chan- 
ging starch  to  sugar.  It  is  from  barley  malt  that  diastase  and  maltin 
may  be  most  readily  obtained,  and  it  is  because  of  their  being  spe- 
cially abundant  in  such  malt  that  barley  is  grown  for  the  making 
of  it.  There  is,  indeed,  no  more  than  one  part  of  diastase  in  soma 
fire  hundred  ports  of  barley  malt,  but  this  quantity  is  ample  for  all 
practical  purposes,  since  one  part  of  diastase  is  capable  of  changing 
one  or  two  thooaand  parts  of  starch  to  sugar,  provided  it  is  made 
to  act  at  a  temperature  of  149°  to  158°  F. 

Maltin  is  said  to  be  even  more  active  than  diastase,  being  capable 
of  converting  from  one-  to  two-hundred  thous.ind  parts  of  starch  into 
a  soluble  condition.  Barley  malt  may  contain  as  much  as  ime  per 
cent  of  it 

AfaUxK^  a  Proeeta  of  Geminatimi. 

After  starch  has  once  been  changed  to  sugar,  it  is  an  essy  matter 
to  convert  the  sngor  into  alcohol  by  &rmenting  it  with  ordinary 
yeast  Practically,  the  process  of  malting  barley,  or  any  other  kind 
of  giun,  is  only  an  artificial  method  of  germination.  The  grain 
is  steep«l  in  water  to  make  it  soft,  then  drained  and  thrown  into 
heaps.  After  a  while  these  heaps  become  hot  and  dry,  and  in  the 
course  of  a  few  days  each  groin  "sprouts,"  i.  e.  it  throws  out  root- 
lets. The  heaps  are  then  spread  to  prevent  the  grain  from  becom- 
ing too  hot,  and  when  the  rootlets  have  grown  to  a  length  about 
equal  to  that  of  the  giain  the  pn^reHs  of  the  germination  is  sud- 
denly arrested  by  drying  the  grain,  either  in  the  air,  or,  more  com- 
monly, in  a  kiln.  After  the  roots  have  been  rubbed  oflf  from  the 
grain  thus  dried,  the  Utter  is  called  malt     The  matter  rubbed  off 
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is  known  «  malt^proats  or  malt-comlM,  and  ia  used  for  feeding 
cattle.  When  malt,  or  a  mixture  of  malt  and  fresh  grain,  ia  crashed 
and  soaked  in  warm  water  for  a  few  honn,  the  whole  of  the  starch 
in  th«  mixture  changes  to  sugar  and  dextrin,  as.  was  taid. 

Neitlier  diastase  nor  moltin  is  peculiar  to  barley.  They  are  found 
in  other  germinating  grains ;  email  amounts  of  diastaM  have  been 
found  even  in  potatoes.  Any  kind  of  grain  may  be  malted  in  the 
same  way  that  barley  is.  But  practically  barley  is  found  to  be 
better  than  the  other  grains  for  this  purpose,  and  barley  maU  is 
commonly  used  for  pieparing  other  kinds  of  grain  fot  distillatian. 
Enormons  quantities  of  maize,  and  rye,  and  rice,  and  wheat  even,  at 
well  as  potatoes,  and  occasionally  Jerusalem  artiobokee,  are  used 
every  day  for  making  beer  and  whiskey;  but  tbey  are,  eompar*- 
lively  speaking,  seldom  malted.  Instead  of  that,  the  grains  or  the 
potatoes  are  mixed  with  barley  malt  for  the  so-called  mashing  pro- 
cess, during  which  their  starch  is  changed  to  sugar.  Then  the 
augar  is  fermented,  and,  if  whiskey  is  to  be  made,  the  fermented 
liquor  is  distilled  to  separate  the  alcoholic  liquid  from  ihe  refuse 
slop,  which  is  used  as  cattle  food. 

Barley  a  dtiioait  Crop. 

Curiously  enough,  in  spite  of  the  fact  that  barley  has  so  wide  a 
nnge,  and  is  so  hardy  that  at  the  extreme  north  it  is  grown  freely 
where  the  soil  never  melts  to  a  depth  greater  than  a  few  inches,  it 
is  rather  a  tender  plant,  both  in  this  country  and  in  England.  In 
the  region  about  Boston,  a  cold  easterly  rain-storm  descending  iu 
the  spring  upon  a  barley  field  where  the  young  plants  are  juat 
starting  will  give  the  crop  a  serious  check,  almost  m  if  the  plants 
had  been  frown.  Too  much  rain  in  northern  oountries  ia  &tal  to 
it  Thus  barley  is  said  to  ripen  at  Alton  at  70°  north  latitude,  . 
where  there  an  21  nuny  days  durii^  its  term  of  growth,  while  at 
Beykinvig  at  61°  4S',  where  there  are  51  rainy  days,  it  can  no 
longer  be  grown.  It  is  end  to  prefer  a  warm,  dry  climate,  with 
occasional  %ht  sbowen.  Heavy  mine  are  apt  to  injure  it  in  all 
countries,  especially  when  tbey  &11  soon  after  sowing,  or  while  the 
plants  are  in  blossom  or  ripening. 

From  experiments  made  at  Dahme,  in  Qermany,  it  appears  that, 
although  barley  succeeds  bast  when  the  temperature  of  the  soil  ia 
kept  at  TV  F.,  while  rye  does  best  at  68°,  it  ia  none  the  less  tnie 
that  bu)ey  can  be  grown  as  &r  to  the  north  as  rye,  or  even  &rther, 
because  it  grows  flvter.    Barley  can  gemioata  oven  at  the  tempen- 
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ton  of  meltiog  ice.     According  to  Sachs,  the  loveat  temperature  at 
which  barley  plants  grow  ia  41°,  and  the  highest  100°  F. 
BtMt  Temperature  for  gromng  BarUg. 

Hetlriegel  finds  by  experimeut,  that,  when  all  the  other  condi- 
tioiiB  requisite  for  successful  growth  have  beea  provided  for,  a  mean 
daily  temperature  of  61°  F.  (as  taken  iu  the  air  and  in  the  aliade) 
is  most  {avorable  for  the  growth  of  barley,  L  e.  when  the  wboI<j 
term  of  growth  of  the  crop  is  considered.  During  the  first  half  of  its 
life,  wheu  the  leaves  and  stem  are  growing,  a  temperature  of  59°  \i 
best;  while  for  the  second  lialf  of  the  plant's  life,  when  the  ears 
and  grain  are  in  process  of  development,  the  mean  daily  tempera- 
ture had  better  be  63  or  64°.  For  growing  a  perfect  crop,  the  meau 
temperature  at  noon  should  Qot  exceed  70°  in  the  abode  during  the 
eutiro  term  of  growth ;  nor  68°  during  the  first  period  of  growth ; 
nor  73°  during  the  second  period.  Temperatures  higher  than  77° 
measured  in  the  shade  during  the  period  of  leaf  development,  or 
than  82°  during  the  period  of  seed  development,  were  fouud  to 
have  a  decidedly  bad  influence  on  the  amount  of  crop  produced. 
Barley  a  Fcutidiottt  Crop. 

It  is  often  said  of  barley,  that  few  crops  are  more  strongly  af- 
fected by  food.  Few  crops  respond  more  quickly  to  a  generous 
diet,  or  languish  more  decidedly  when  food  is  lacking.  Farmers 
hold  that  the  best  soil  for  bailey  is  a  light,  rich,  friable  loam ;  but 
that  it  will  do  well  on  clays  also,  provided  they  have  been  tho> 
oughly  worked,  and  made  fine  and  mellow. 

Practical  men  are  firmly  of  the  opinion  that  heavy  land,  which 
has  not  been  well  tilled,  is  unfit  for  barley.  They  maintain  that, 
more  than  most  other  crops,  barley  delights  in  a  &ee,  open  soil, 
,that  ia  neither  too  wet  uor  too  stifT;  all  of  which  goes  to  show  that 
the  plaut  is  somewhat  delicate  or  fasttdiuus,  as  compared  with  oats 
or  buckwheat,  or  with  maiz«  even,  or  the  other  grains.  Formerly, 
it  was  taught  by  English  wn-iters  that  barley  should  be  grown  in 
those  districts  where  the  soil  is  light,  rather  than  in  regions  where 
the  soil  is  heavy ;  and  it  was  thought  that,  although  the  plant  is 
well  suited  by  calcareous  soils,  it  will  not  prosper  as  a  rule  on  clays, 
uor  upon  sandy  soils.  But  it  has  happened  in  E^land,  as  a  con- 
sequence of  the  adoption  of  tile  drainage  and  steun  cultivation, 
which  permit  the  clays  to  be  worked  much  better  than  could  be 
done  formerly,  and  at  appropriate  seasons  withal,  that  the  success- 
ful cultivation  of  barley  has  been  widely  extended.     Of  late  years, 
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a  great  deal  of  barley  of  excellent  quality  has  been  grown  in  the 
cUy-land  dUtriuta  of  England  after  wheat  The  wheat  stubble  is 
Bteam-ptloughed  in  the  autnuin,  when  dry ;  and  in  the  early  spring, 
when  the  land  ia  dry,  it  is  harrowed,  or  very  lightly  ploughed,  for 
the  reception  of  the  seed. 

It  was  a  maxim  of  the  old  English  farmers,  that  there  is  small 
use  in  applying  formy&rd  manure  to  a  crop  which  is  to  remain  on 
the  land  BO  short  a  time  as  barley  dues  *,  their  argument  being  that 
the  land  mast  be  prepared  for  the  barley  befoieband  by  manuring 
some  preceding  crop.  Not  infreiiuently,  however,  in  the  light  land 
districts  they  grew  barley  after  turnipa.  The  tumipa  were  eaten  by 
sheep  in  Ihe  fields,  and  the  land  was  ploughed  lightly  soon  after 
the  sheep  were  taken  of^  in  order  to  cover  their  droppings.  Some- 
times the  barley  was  sown  on  this  first  furrow ;  but,  in  case  the 
ploughing  were  done  early  in  the  season,  the  land  was  cultivated  or 
harrowed  t^aio  before  seeding,  it  being  considered  all  important  to 
have  a  well-pulverized  seed-bed.  This  line  of  argument  would  lead 
naturally  to  the  use  of  quick-acting  fertilizers,  such,  for  example,  aa 
Femviao  guano,  especially  that  which  has  been  treated  with  sul- 
phuric acid.  As  a  matter  of  fact,  the  farmers  of  the  beer  region  in 
the  North  of  France  —  in  the  vicinity  of  Lille,  for  instance  —  are 
accustomed  to  apply  liquid  manure  to  their  barley,  or,  in  default  of 
that,  to  use  very  well  rotted  dung. 

Theee  views,  both  as  regards  soil  and  manure,  appear  to  be  rea- 
sonable. The  roots  of  the  barley  plant  grow  rapidly,  they  aro 
feeble  and  short-lived,  and  are  ill  adapted  to  surmount  obstacles 
Bitch  as  would  be  presented  by  a  compact  soil,  or  to  utilize  fertiliz- 
ing materials  which  are  not  ready  and  waiting  to  be  taken  in. 

On  the  other  band,  it  is  important  not  to  use  such  manures,  or 
such  quantities  of  manure,  as  would  tend  to  make  the  crop  mn  to 
leaf  mther  than  to  bear  seeds.  In  some  parts  of  Germany,  where 
large  quantities  of  barley  are  grown  In  coi^junction  with  sugar  beets, 
two  crops  of  barley  are  often  taken  after  one  of  beets.  It  is  said 
that  the  second  barley  crop  usually  succeeds  well,  and  that  the 
grain  is  of  excellent  quality  and  appearance.  On  the  heavy  Eng- 
lish soils  just  now  mentioned,  the  barley  is  dressed  liberally  with 
artificial  fertilizers,  viz.  with  2  or  3  cwt.  of  euperphosphate  applied 
before  seeding,  and  fjrom  ^  to  1  cwt.  of  nitrate  of  soda. 

Some  of  the  experiments  of  liswes  and  Gilbert  bear  upon  this 
point.    For  many  yean  these  investigatoia  have  oootiauolly.  grown 
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cKips  of  barley  (as  well  as  of  wheat)  upon  the  same  fields,  and  nme 
of  their  naolts  ai»  set  fbrUi  in  the  following  table.  The  soil  of 
their  fields  is  "a  somewhat  heavy  loam,  with  a  subsoil  of  law,  yel- 
lowish red  clay,  bnt  resting  in  its  torn  upon  chalk,  wMeh  piovidas 
good  natural  drainage."     Tha  crops  harvested  were  as  follows ;  — 

lit  Tar.  loa  Tar.       Atmgt  of  K  Tcao. 

HuDic  to  Ua  ici*.  Onln.    Stnir.       ando.    Btix*.       Grain.    8tn*. 

tHUb.      cwt.  bub.      ewt.  bub.      evt. 

11  torn  of  fsrmrud  mannrs    3S       18|         6*i      87i         Hi      SSi 

Nomuiare 27^      ISg         ISJ      11  20       11| 

Hiiad  iDin«rd*>    .     .     .     .     SZt      l»i  25        11  27^      IH 

SOOlKunmoiiminnlta*     .     Sri)      221  8S|      23}  82}      IS) 

Uized  mioenli  and  200  llx 

MnmoDiDm  tdM     .    .    .    40|      27)         48)      SS^         Ui      18) 
MiQMsla  sod  WO  lb.  ammo- 

nioaitslu* 49)      2St         U       S2J         49]      S3| 

Htntnls  ud  3,000  lb.  iap«* 

dka* SB       21)         47)     82  47|      SO) 

Dead-ripe  Batief/  bttt  for  MaltiTtg, 

It  is  said  that,  when  barley  la  to  be  naod  for  making  beer,  it 
must  not  be  harvested  before  it  is  dead  ripe.  The  rule  is  to  wait 
until  the  ears  droop,  and  have  lost  their  reddish  color.  The  arga- 
ment  in  this  case  is,  that,  for  the  snccess  of  the  malting  process,  it 
is  important  to  have  the  grain  all  of  one  stage  of  ripeness,  so  that 
it  shall  germinate  simultaneously  ;  and,  in  order  to  this  result,  each 
and  every  kernel  of  the  graia  must  be  perfectly  ripe.  But  when 
grown  for  use  on  the  farm,  it  may  ba  said  of  barley,  even  more 
strongly  perhaps  than  of  other  grains,  that  it  should  be  cut  down 
while  the  seed  is  still  not  very  hard,  and  the  straw  not  absolutely 
dry.  Tha  sheaves  are  then  left  for  soma  time  in  the  field,  in  order 
that  the  grain  may  finish  taking  nutriment  out  of  the  straw,  and  so 
ripen;  for  if  the  crop  is  left  standing  too  long,  much  grain  will  in- 
evitably shake  out  from  the  ears  and  be  lost  during  the  proceas  of 

>  The  mixed  mioer*]*  ccoslsted  per  acre  aad  per  sDDani  of  SOO  lb.  of  ral- 
TihaU  of  poUsh  during  the  firat  «  years,  ind  200  lb.  thereafter ;  200  lb.  rf 
Bulphata  of  «oda  during  the  Hnt  8  yeais,  and  100  lb.  afWrmidi ;  100  lb.  of 
■nlphate  of  magnesia ;  and  200  lb.  of  bone-aib  lT«ated  with  ISO  lb.  of  anlphnrie 
add  ofl.T  tp.  gr. 

*  The  ammaDinni  salts  oonslitad  of  an  eqnal  miitnrs  of  tha  salphsts  and 
thsoUorida. 

■  After  the  eth  Tear,  and  daring  the  next  10  Tears,  SOO  lb.  of  tbe  aomo- 
ninm  ulta  ;  and  aubwiqaentlj  275  lb.  of  nitrate  of  soda  were  used, 

'  After  tbe  8th  fear,  1,000  lb.  of  rape-cake  irere  used  each  year,  instnd 
•rf  3,000. 
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nftpiii((.  On  the  other  hand,  if  sheaves  of  barle;,  or  of  any  other 
grain,  were  to  be  boused,  or  put  in  a  stack,  immediately  after  reap- 
ing fermentation  and  decay  would  set  in,  the  process  of  after- 
ripening  would  be  iDterrupted,  and  the  crop  be  spoiled. 

In  some  countries  it  was  costomary  formeriy  to  mow  barley  in 
the  spring  in  case  it  threatened  to  be  over  luxuriant,  oi  to  have  it 
eaten  down  by  sheep.  In  this  way  animals  may  be  supplied  with 
very  nutritious  fodder.  Mowing  was  esteemed  to  be  better  than 
pasturing,  since  it  was  easy  to  cut  off  only  the  rankest  plants  with 
the  scythe,  and  bo  to  bring  the  crop  to  a  condition  of  comparative 
evenness.  So,  too,  in  autumn,  excellent  fall  feed  for  soiling  cattle 
can  be  got  by  sowing  fresh  barley,  such  as  rattles  out  from  the 
sheaves  immediately  after  they  have  been  harveeted. 
neHrifffeCi  Per/ea  Barley  PlarUi. 

A  great  number  of  highly  interesting  experiments  on  the  growth 
of  barley  >  have  been  made  by  Hellriegel  at  Dahme,  in  Germany. 
He  propounded  to  himself  squarely  the  question,  How  much  bar> 
ley  could  be  grown  on  an  acre  of  land  provided  all  the  conditions 
were  the  most  fiivorable  that  can  be  conceived)  That  is  to  say, 
what  would  be,  theoretically  speaking,  the  maximum  harreatt  As 
conditions  essential  to  perfection  Hellrisgel  admits  that  the  plants 
must  have  a  certain  Totume  of  porous  soil,  which  shall  afford  the 
neceesBiy  space  for  the  development  of  the  roots,  a  sufficient  supply 
of  moisture,  definite  qnantitiea  of  assimilable  food,  both  in  the  air 
and  in  the  soil,  as  well  as  specific  amounts  of  light,  heat,  and  time. 
Strictly  speaking  each  one  of  these  conditions  is  as  important  as 
any  other.  Esther  of  them  may  exert  a  decisive  influence  upon  the 
quantity  of  the  crop  j  and  it  is  only  when  each  and  all  of  the  con- 
ditions are  present  in  proper  quantity  or  force,  i  e.  when  they 
make  themselves  felt  in  just  proportion,  that  the  best  poeeible  or 
-  really  normal  plant  can  be  obtained. 

It  will  be  seen  at  once,  that,  though  theoretically  of  equal  weight, 
some  of  these  conditions  ore  pmcticslly  much  more  easily  controlled 
than  others.  It  is  a  comparatively  easy  matter,  for  example,  to 
rapply  in  field  practice  as  much  phosphoric  acid,  niin^n,  or  pot- 
ash as  may  be  needed  by  a  maximum  crop,  though  in  many  in- 
stances it  would  be  very  difficult  to  provide  enough  water  for  the 
purpose.  Over  heat  and  light,  moreover,  the  fkrmer  has  little  or  no 
oontroL 

■  Th«  mwll  rour-Tomd  vuiety  (Hordenm  vulgare). 
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Hellriegel  assumed  that,  when  all  the  conditions  necessaiy  for  a 
perfect  crop  have  been  found  out,  it  will  be  possible  to  alter  tbe 
character  of  the  crop  at  will,  or  the  quantity  of  the  crop,  by  cliao- 
ging  certain  of  the  conditions.  Acting  on  these  ideas,  be  has  suc- 
ceeded in  Rowing  perfectly  healthy  plants,  much  lai^r  and  more 
perfect  than  are  ever  fouud  in  tbe  fields ;  and,  within  certain  limits, 
he  baa  been  able  to  control  pretty  much  as  he  saw  fit  the  influences 
exerted  by  light,  beat,  food,  and  the  other  conditions  which  are 
necessary  to  the  life  of  plants.  That  is  to  say,  by  varjii^  the  con- 
ditions, he  was  able  to  produce  at  will  plants  of  determined  size 
and  weight,  and  to  obtain  constantly  tbe  same  results  nndei  like 
conditions. 

But  this  term  "like  conditions"  requires  for  its  fulfilment  that 
the  seed-grains  shall  be  of  identically  the  same  absolute  weight,  and 
of  like  specific  gravity  ;  that  they  shall  be  buried  to  an  equal  depth, 
at  one  and  the  same  time ;  that  they  shall  have  equal  quantitiea  uf 
earth,  and  that  the  pots  shall  be  placed  in  common  relations  with 
sun  and  air ;  that  each  pot  shall  be  kept  equally  moist  with  tlie 
rest,  and  receive  the  same  amount  of  food,  and  the  same  protection 
from  all  disturbing  influences. 

In  order  to  control  the  matten  of  light  and  air,  Hellriegel  had 
the  pots  set  upon  a  sort  of  wagon,  lunning  on  a  railway,  which 
could  be  drawn  out  of  or  into  a  glass  house  at  will,  according  as 
the  weather  required.  Most  of  these  experiments,  which  were  con- 
tinued for  mauy  years,  were  mode  in  large  glass  jars  filled  with  pure 
quartz  sand,  to  which  the  necessary  nourishment  was  applied  in  the 
form  of  soluble  chemical  substances.  For  example,  in  order  to  an- 
swer the  question,  What  chemical  substances,  and  what  quantity  of 
each,  must  be  present  in  tbe  soil  or  the  air  in  order  to  support  the 
largest  possible  crop  of  barley !  several  distinct  series  of  trials 
were  established  by  mixing  with  the  sand  chemical  substances  in 
different  proportions,  and  in  each  of  these  series  one  of  the  eesential 
elements  of  plant  food  was  supplied  at  ten  or  twelve  di&rent  rates, 
ranging  from  nothing  (i.  e.  0)  at  one  end  of  the  series  up  to  a  very 
large  quuitity  at  the  other  end,  —  a  quantity  so  la^e,  namely,  thst 
it  would  surely  be  in  excess  of  what  the  plant  needed.  Thus,  in 
seeking  to  determine  how  much  potash  is  required  by  tbe  barley 
plant  in  order  that  it  may  be  perfect,  when  the  other  conditions 
necessary  to  the  prosperity  of  the  plant  are  fulfilled,  Hellriegel  ob- 
tained the  results  given  in  the  following  table. 
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Wd^lrfCtoi.. 

Ondn. 

Tt*a. 

E.BSS 

0.802 

1.095 

10.185 

7.851 

11.710 

9.5TS 

17.773 

10.097 

10.424 

9.083 

17.77« 

8628 

17.293 

4  24        6.859 
0  47        8.195 

8  71  .  9.327 
7  94        S.(f93 

5  141        S.7fl4 

9  282        8.910      8.962     17.878 

Each  of  the  pots  waa  abundantly  aapplied  vith  lime,  magneaia, 
aoda,  iron,  silica,  nitric  add,  eulphuric  acid,  phosphoric  acid,  and  chlo- 
rine ;  and  the  rasults  seem  to  show  that  between  fifty  and  seventy 
pounds  of  potash  to  a  milliou  pounds  of  earth  are  necessary  for  the 
perfect  barley  crop.  But  from  analyses  of  the  ashea  of  the  crops 
obtained  as  above,  Hellriegsl  concluded  that  47  lb.  of  potash  to  the 
million  pounds  of  earth  are  Bufficient,  or  lathei  that  the  necessary 
quantity  lies  somewhere  between  34  and  47.  The  reasons  for  this 
conclusion  will  appear  from  the  following  table,  which  gives  the  per 
cents  of  potash  in  the  dry  crop.  There  were  found  the  followiog 
numbera  of  pounds  of  potash  in  100  pounds  of  the  dry  crop  ;— 

Mo.  o(  Pot.  Btnw  ud  CbuB.  Qnln. 

3  0.459  0.175 

5  0.371  0.181 
i                     0.425  0.354 

6  0.9S0  0.375 

6  1.791  L<at. 

7  2.680  0.497 

8  4.068  Lost. 

9  6.423  0.669 

The  proportion  of  potash  in  the  grain,  it  will  be  observed,  re- 
mains tolerably  constant  after  No.  4.  In  case  the  soil  contained  an 
exeoes  of  potash,  some  of  it  did  indeed  accumulate  in  the  straw,  but 
it  did  not  increase  the  yield  of  grain,  nor  did  the  grain  willingly 
take  in  any  excess  of  potash  over  and  above  what  may  be  called  the 
necessary  quantity. 

Even  if  nothing  were  known  ss  to  the  function  of  potash  in  the 
economy  of  the  plant,  it  would  still  be  manifest  Ikim  the  results  of 
these  experiments  that  potash  has  some  definite  work  to  perform, 
and  that  there  is  no  use  in  sending  two  pounds  of  it  to  do  one 
pound's  work.     Uellrie^  concludes  that,  for  the  production  of 
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every  1,000  lb.  of  dry  straw  and  ebaf^  the  barley  plsnt  most  baye 
at  the  very  least  (taking  the  reanlta  of  pot  No.  4)  6  lb.  of  potash, 
and  for  every  1,000  lb.  of  grain  3.8  Ib>  of  potash. 
Crudeneii  of  Field  Praeliee. 

It  will  be  interesting  to  compare  the  fore^ing  ideal  with  the  re- 
sults of  ordinary  farm  practice,  and  to  observe  bow  far  removed  we 
still  are  from  perfection.  If  it  be  assumed  that  the  average  yield 
of  barley  in  MasaachuBetts  is  25  bushels  to  the  acre,  and  that  a 
bushel  of  this  grain  weighs  48  lb.,  there  would  be  1,200  lb.  of  grain, 
needing  4^  lb.  of  potash ;  and  if  the  straw  of  the  Massachusetts  crop 
weighed  2,400  lb.  to  the  acre,  that  would  need  12  lb.  of  potash,  or 
altogether  the  crop  would  need  16  J  lb.  SutactuaUy  and  practically 
no  one  would  deem  it  amiaa  to  apply  100  lb.  of  potash  to  the  acn 
of  land.  Eight  cords  of  cow  manure  might  contain  mora  than 
200  lb.  of  potash.  This  calculation,  taken  in  connection  with  tb« 
foct  that  the  small  proportion  of  potash  above  mentioned  is  sufficient 
to  produce  a  larger  crop  than  was  ever  harvested  in  field  practice, 
teaches  an  emphatic  lesson  with  regard  to  the  manuring  of  land. 
It  teaches  that  efforts  should  be  directed  towards  supplyii^  the  soil 
with  small  quantities  of  soluble,  diffusible,  and  easily  aasimilable 
fertilizers,  instead  of  heaping  upon  it  great  masses  of  comparatively 
inert  materials. 

In  the  jan  of  soil  which  contained  less  potash  than  the  maximum 
crop  required,  Hellriegel  observed  that  the  plants  were  less  and  lees 
luxuriant,  and  finally  short  and  stunt«d.  The  diminution  in  si» 
was  visibly  neariy  proportionate  to  the  lack  of  potash. 

Experiments  made  in  the  same  way  with  varying  quantities  of 
phosphoric  acid,  or  lime,  or  magnesia  gave  leeults  which  were  stdctly 
comparable  with  those  obtained  with  potssh.  And,  as  has  been 
said  already,  it  was  proved  by  means  of  analogous  experiments 
that  the  carbonic  acid  of  the  air  is  sufficient  for  the  production 
of  a  maximum  crop  of  barley.  There  was  no  advantage  gained  on 
giving  the  plants  more  carbonic  acid  than  the  air  naturally  afibrded 
them.  • 

In  the  same  way,  it  was  proved  that  the  ammonia  and  nitrates  of 
the  ail  an  wholly  insnfficient  for  the  growth  of  even  a  tolerable 
crop.  Thns,  in  pote  that  contained  all  the  ash  ingredients  in  abun- 
dance, but  no  nitrogen,  the  harvest  was  0.184  grm.  of  stiaw  on 
watering  with  distilled  water,  and  0.200  gim.  on  watering  with  rain- 
water,  while  in  nmilar  soil  to  which  a  nitrogenous  fertUizer  was 
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added  at  the  rat«  of  64  lb.  nitrogeD  to  the  million  ponnds  of  earth, 
the  harvest  was  :  — 

Onlii.  fttimw  ud  Chalt  IxtaL 

9.083  8.893  17.778 

Importance  of  Light  for  Growth. 
The  inflaenco  of  diffoieut  amouuts  of  light  wu  t«flted  by  growing 
the  crops  of  barley  in  free  air,  and  at  the  froat  and  the  back  of  a 
glass  bouae.  Onl;  the  crop  obtained  in  free  air  was  perfect  Xhnt 
at  the  front  of  the  house  was  below  par,  and  the  one  from  the  back 
of  the  house,  where  there  was  no  direct  auiilight,  but  only  diffused 
light,  was  very  poor.  The  dry  weight  of  the  three  ctopa  was  as 
7:3:1  {very  nearly).  All  the  conditions  other  than  the  a 
of  light  being  at  their  beat,  the  harvests  were  as  follows  :— 
X.  Bsrl^  grown  in  free  outw  sir :  — 

Binm        Ko  of        ^*^^  "  I*^  Mutter  In  UUUgnni. 

"■^         Btalkft         Becdj. 

IT  10  2SS 

12  8  812 

H«an,  16  9  299 

B.  Qnivn  in  front  part  of  glu»  honie  in  dirtut 


C.>  Orowu  at  Inck  of  glaaa  houas  h 


Mean,    0  18 

So,  too,  when  the  plants  ware  somewhat  shaded  by  being  covered 
with  gloss  that  was  slightly  colored,  or  when  they  were  partially 
screened  with  paper  shades  that  daily  cut  off  most  of  the  light  from 
the  lower  portions  of  their  stems,  the  amount  of  crop  harvested  wua 
invariably  leaaened. 

Uellriegel  calls  attention  to  the  fact,  that  tbe  pbnte  in  the  midst 
of  a  giain-field  are  much  lesa  favuiahly  situated  as  regards  light  than 
were  tbe  plants  of  bis  normal  experiments.  Each  of  bis  plants  had 
constant  acceea  to  all  the  light  that  shone  during  the  entire  term  of 
their  growth.  But  in  the  field  tbe  plants  are  necessarily  a  good 
deal  shaded  by  their  fellows,  except  in  earliest  youth  when  they 
are  not  large  enough  to  interfere  with  one  another,  and  in  maturest 
age  when  thdi  leaves  have  perished.  He  u^es  that  this  point  has 
1  Tbe  plant*  in  C  wete  ipiudling,  thin,  and  aolt. 


•^""^           Chair. 

10,102        11,139 
11,188        10,991 
10,045        11,211 

Crop. 
ai,688 
a3.179 
11.8B9 

ie  in  diwot  light  :- 
2,861          «,71« 
S,ttS          fl,SS3 
8,0flS          e.G20 

8,67T 
9,688 
9,688 

diffuaed  light :  - 

8,396 

S,G81 

2.885 

8.396 
2.694 
2.>eG 

jbvGooglc 


382  AGRICULTURE. 

important  bearings  upon  a  number  of  practical  questions,  such  u. 
How  thick  shoulil  a  grain  crop  standi  How  thickly  should  mealin 
1»  sown  1  How  wide  should  the  distance  between  the  drills  be 
made  in  sowing  one  or  another  crop  1  and,  In  what  directions  should 
the  rows  of  plants  be  made  to  run  1  For  the  amount  of  light  that 
&lla  upon  a  field,  and  the  best  possible  utilization  of  this  Ught  are 
prime  factors  for  the  success  of  a  crop. 

In  view  of  the  evidence  here  presented,  there  can  hardly  be  a 
doabt  that  some  part  of  the  detestation  in  which  weeds,  as  well  sa 
trees,  growing  among  crops,  are  held  by  practical  men,  must  be  cred- 
ited to  the  shade  they  cast.  On  the  other  hand,  it  is  not  impossible 
that  the  unlikenesa  of  the  two  kinds  of  plants  in  a  crop  of  meslin 
may  hinder  them  from  interfering  vith  one  another  to  the  same  ex- 
tent as  might  be  the  case  if  either  one  of  the  plants  stood  by  itself 
as  thickly. 

Tht  Year'*  Eainfall  not  enough  for  a  Perfect  Barley  Crap. 

Curiously  enough,  it  was  shown,  not  only  for  barley,  but  fur  wheat, 
oats,  and  rye  also,  that  the  amount  of  water  which  naturally  foils 
at  Dahme  in  the  form  of  lain  and  dew  and  snow  is  insufiicient  for 
the  production  of  maximum  crops,  even  if  it  be  supposed  that  this 
water  could  all  be  stored  until  it  was  needed,  and  then  he  distrib- 
uted evenly  and  in  the  most  advantageous  way  during  the  growing 
season. 

Experiments  upon  the  importance  of  water  were  made  in  a  sand 
that  was  capable  of  holding  25%  of  water.  It  appeared  that  the 
barley  plants  could  not  grow,  no  matter  bow  well  they  were  supplied 
with  other  kinds  of  food,  unless  there  waa  present  in  the  soil  from 
3  to  5%  of  water.  When  the  soil  contained  no  more  water  than 
2  J%,  i.  e.  no  more  tiian  would  amount  to  10%  of  all  the  water  it 
could  hold  in  its  pores,  germinated  seeds  would  not  grow  at  all, 
though  curiously  enough  they  remained  alive  during  six  weeks,  and 
then  grew  well  enough  on  being  watered.  It  was  only  when  the 
proportion  of  water  in  the  sand  fell  helow  2J%  that  the  plants 
wilted ;  hut  in  ordar  that  they  should  grow,  more  than  5S  of  water 
was  necessary. 

When  water  was  supplied  in  quantities  ranging  from  5  to  S0% 
of  the  soil,  or  in  other  words  from  10  to  80%  of  the  maximum 
quantity  which  could  be  hold  by  the  sand,  it  soon  appeared  that  the 
SIM  of  the  plants  was  very  nearly  proportional  to  the  amount  of 
water  they  receired,  and,  as  time  went  on,  the  difference  between 
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the  well-watered  and  the  tbirsty  plants  bocame  more  end  more 
clearly  marked.  Where  there  was  uo  more  water  than  amounted  to 
20%  of  the  sand'a  capacity,  the  young  plants  were  slow  to  start,  being 
some  3  to  5  days  later  than  those  which  got  more  water,  aud  it  was 
evident  that  the  plants  which  got  no  more  water  than  amounted  to 
from  10  to  20%  of  what  the  sand  could  hold  were  inadequately  sup- 
plied. In  times  of  apecially  hot  weather,  moreOTer,  all  the  plants 
that  had  less  water  than  amounted  to  20%  the  soil's  capacity  suffered 
extremely. 

As  will  he  soon  from  the  table  which  follows,  the  beat  lesnlts 
were  obtained  when  the  soil  was  kept  pretty  thoroughly  moistened, 
but  not  actoaUy  saturated  with  water.  Eighty  per  cent,  or  more 
than  80%,  of  the  soil's  wate^holdiag  capacity  was  detrimental ;  the 
best  conditions  being  at  50  to  60%. 

It  was  noticed  that  the  well-watered  plants  were  not  only  larger 
than  the  others,  anil  of  a  bright  green  color,  but  that  they  seemed 
as  if  built  upon  a  larger  scale,  with  larger  and  thicker  leaves  and 
blanches.  As  for  the  color  of  the  plants  which  were  inadequately 
watered,  it  was  a  deep  sap-green,  similar  to  that  shown  by  plants 
that  have  been  fed  with  sn  excess  of  nitrogen ;  but  the  geneial  ap- 
pearance of  the  plants  was,  comparatively  speaking,  stiff  and  con- 
tracted, and  it  was  evident  that  plants  which  are  forced  to  grow  in  a 
soil  which  constantly  contains  less  water  than  the  plants  would  like 
may  adapt  themaelvee  in  a  raeasnre  to  the  situation  ;  their  organs 
become  contracted,  and  their  transpiratot?  enrfacee  circumscribed. 
It  is  to  be  supposed  also,  that,  whenever  there  is  a  lack  of  moisture 
in  the  soil,  the  contents  of  the  cells  are  less  fiuid  and  less  inclined 
to  give  up  water  for  transpiration. 

It  was  found,  on  nilcToacopic  examination,  that  the  well-watered 
plants  did  actually  contain  more  cells  and  larger  cells,  as  well  as 
more  and  laiger  hieathing-pores  (stomata)  than  the  plants  which 
were  less  thoroughly  watued. 

In  the  experiments  recorded  in  the  table,  each  jar  contained 
4  kilos  of  sand  aud  6  or  7  barley  plants,  which  were  supplied  with 
all  the  food  they  needed.  The  amounts  of  water  were  so  regn- 
lated  that  each  jar  received  continually  a  certain  definite  proportion 
of  it 
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Anal^ous  reeults  wen  obtained  when  barley  was  grown  in  jan 
filled  witU  gaiden  earth,  and  Hellri^el  expressee  hU  conviction 
that,  for  the  genenLit;  of  ciicomataDcea,  an  amount  of  water  equal 
to  about  half  vliat  the  soil  can  hold  will  be  moat  advautageous 
on  the  whole.  For  experiments  by  the  method  of  sand  cultara,  be 
allows  that  the  moisture  may  range  between  60  and  40%,  or  eren 
between  70  and  30%  without  injury  to  the  crops. 

The  foregoing  statements  relate  to  experiments  where  the  plants 
eibber  had  or  had  not  water  enough  for  their  requirements  from 
the  beginning  to  the  end  of  their  lives.  But  many  other  ezpoi- 
ments  were  tried,  in  which  the  plants  were  subjected  to  periods  of 
thirst  during  one  or  another  term  of  their  derelopment.  From 
these  trials  it  appeared  that  in  the  genenlity  of  oases  the  yidd 
of  the  barley  crop  wss  very  much  lessened,  even  by  short  terms  of 
drought,  aud  that,  no  matter  how  copioua  tiie  subsequent  supply 
of  water  might  be,  the  planto  never  fully  recovered  from  the  in- 
jury they  hod  received.  It  seemed,  moreover,  a«  if  the  plants 
that  liad  been  particularly  favored  as  to  th«r  supply  of  water  suf- 
fered more  from  drought  when  it  came  to  tliem,  than  those  which 
had  always  had  to  put  up  with  a  somewhat  inadequate  supply  of 
luoisture. 

It  was  constantly  noticed  that  the  periods  of  drought  did  more 
harm  in  proportion  as  they  fell  upon  younger  plants,  and  that  those 
parte  of  the  plant  suffered  most  which  happened  to  be  in  process 
of  formation  at  the  tima  when  the  drought  Bet  in.  It  is  only  when 
the  bariey  plant  has  once  happily  leached  the  point  that  seeds  begin 
to  form  in  the  young  ears,  that  tlie  success  of  the  crop  is  sssured. 
Thereafter  the  planto  feel  drought  but  little,  and  the  process  of 
ripening  off  can  be  finished  very  satisfactorily,  even  when  the  supply 
of  water  is  small;  that  is  to  say,  a  very  moderate  amount  of  moist- 
ure in  the  soil  is  sufficient  to  provide  for  the  translocation  into  the 
*  Thg  pltati  fomed  tluee  or  four  leave*,  but  no  stem. 
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seeds  of  the  ripeDing  barlej  plant  of  the  matters  which  had  pre- 
viously been  stored  in  the  leaves  and  stem  and  husks. 

In  the  light  of  the  foregoing  results,  Hellriegel  has  discussed 
anew  the  old  question  whether  the  rain  that  falls  on  a  field  during 
the  term  of  growth  of  a  crop  can  j'ield  a  sufGcient  amount  of  water 
for  the  proper  support  of  that  crop.  He  admits  that  an  average 
crop  of  four-rowed  barley  in  the  vicinity  of  Dahrae  is  about 
23  bushels  to  the  English  aure,  or,  more  precisely,  1,280  kilos  of 
grain  and  1,800  kilos  of  straw  to  the  hectare  j  whence  he  coiuputea 
that  3,300  kilos  of  dry  substance,  esclusivo  of  roots,  are  produced 
to  the  hectare  by  the  average  barley  crop  of  his  locality.  Now  it 
has  been  shown,  by  his  own  experiments,  that  barley  plants  grown 
at  Dahme  exhale  in  the  course  of  their  lives  an  amount  of  water 
equal  to  310  kilos  for  every  kilo  of  dry  substance  produced  above 
ground,  whence  it  appears  that  1,023,000  kilos  or  litres  of  water 
will  be  needed  for  each  hectare  of  land  bearing  a  crop  such  as  the 
one  now  in  question.  Since  a  hectare  is  equal  to  10,000  square 
metres,  the  amount  of  water  above  given  represents  a  rainfall  of 
102.3  mm.  to  the  square  metre,  or  say  100  mm.  during  the  term 
of  growtU  of  the  crop,  viz.  from  the  middle  of  May  to  the  end  of 
July.  If  the  crop  were  doubled,  twice  as  much  water  would  he 
needed,  and  if  it  were  halved,  half  aa  much. 

During  tbe  years  1859  to  1873  the  average  rainfall  for  the 
2J  months  when  the  barley  was  growing  was  1S3  mm.  The 
heaviest  fall  during  this  period  was  236  mm.  and  the  lightest  77 
mm.  But  the  foregoing  calculations  have  reference  only  to  water 
exhaled  by  the  crop ;  no  allowance  has  been  made  for  moisture  that 
evaporates  from  the  soil  itself,  and  it  is  not  easy  to  make  such  al- 
lowance. Still,  there  is  no  doubt  that  large  amounts  of  water  do 
continually  evaporate  from  the  soil,  especially  during  months  so  hot 
as  June  and  July  are,  when  the  barley  is  growing.  It  is  eminently 
probuble,  therefore,  that  tlie  amount  of  water  exhaled  by  an  avemge 
barley  crop,  together  with  that  evaporated  from  the  soil,  is  fully 
equal  to  all  the  rain  which  fal}a  during  the  growth  of  the  crop.  It 
is  certain  withal,  that  on  several  of  the  years  above  mentioned  the 
runfall  at  Dahrae  was  wholly  insufHcient  for  the  needs  of  an  aver- 
age crop,  even  if  no  account  be  taken  of  the  moisture  that  evapo- 
rates from  the  soil.  And  even  in  the  lainiest  of  years  not  80  mach 
water  fell  as  would  be  exhaled  by  a  barley  crop  of  46  to  55  bushels 
to  the  acre,  snch  as  is  not  unknown  in  favored  regions.  It  roust  be 
vou  ti.  —  IS 
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bome  in  mind,  moreover,  how  very  irregulu  the  summer  rain&ll 
is.  There  are  often  long  periods  without  any  rain.  Showers  are 
Bometimes  heavy  and  at  other  times  tight.  Then,  again,  different 
Bofls  vary  widely  aa  to  their  capacity  of  absorbing  and  holding 
Ihe  rain  that  falla  upon  them.  Many  aoila  are  cultivated,  indeed, 
which  ale  palpably  incapable  of  holding  enough  rain-water  to  snp- 
port  even  moderately  good  crops.  From  all  of  which  it  appean, 
sgaiii,  that  the  anionnt  of  water  at  the  disposition  of  a  crop  ia  a 
point  of  paramount  importance. 

It  was  for  the  sake  of  enforcing  this  conception  that  Hellriegel 
asked  the  question,  as  previouely  stated,  Doea  rain  enough  fall  in 
a  year  at  Dahme  to  supply  a  perfect  barley  crop  1  Even  suppoeing 
that  the  rain  could  all  be  collected  and  stored,  and  be  doled  out  to 
the  crop  during  the  growing  season,  the  answer  is  clearly,  No: 
not  enough  rein  falls  in  that  locality  in  a  whole  year  for  the  sup- 
port of  a  perfect  crop,  as  will  appear  at  once  on  inspecting  the  fol- 
lowing figures.  Hellriegel's  best  crops  yielded  at  the  rate  of  12,359 
kilos  of  dry  substance  to  the  hectare,  which,  multiplied  by  310,  the 
number  of  kilos  of  water  exhaled  by  the  plants  for  each  kilo  of  dry 
substance  produced,  gives  13,131,290  kilos  oe  the  amount  of  water 
required  J  that  is  to  say,  a  rainfall  of  over  1,300  mm.  would  be 
needed,  while  the  average  yearly  rain&ll  at  Dahme  is  only  a  trifle 
more  than  551  mm.,  —  less  than  half  enough  for  the  support  of 
HeUriegel'a  maximum  crops. 

One  Seaeon  why  Sands  are  Sterile. 

In  connection  with  his  discussion  of  the  inadequacy  of  the  sano- 
mer  rainfall,  Hellriegel  made  some  highly  interesting  experiments 
on  the  amounts  of  water  that  might  be  held  by  the  soil  of  fields  in 
Ilia  vicinity  after  tliese  soils  had  been  soaked  by  the  rains  of  winter. 
He  found  that  a  soil  taken  to  the  depth  of  32  inches,  which  consisted 
of  13  inches  of  I'oamy  sand  tolerably  rich  in  humus,  13  inches  of 
loamy  sand,  and  6  inches  of  mere  sand,  could  hold  1,164,483  kilos 
of  water  to  the  hectare ;  while  the  same  depth  of  mere  sand,  vis. 
32  inches,  could  hold  only  418,600  kilos  of  water  to  the  hectare. 

These  stores  of  water  would  correspond  to  the  amounts  supplied 
by  a  rainfall  of  I16J  mm.  and  of  42  mm.  respectively.  They  maik 
the  great  difference  in  fertility  between  such  sandy  soils,  and  the 
deep  mellow  loams  that  are  capable  of  being  chained  with  —  L  e.  of 
holding  —  twice  as  much  water  at  the  start,  which  shall  serve  as  a 
permanent  source  of  supply  to  be  supplemented  by  the  sammer 
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fihowen.  Sach  experimenta  as  these  illostnte  moat  forcibly  why 
it  is  that  sandy  soils,  no  matter  how  heavily  they  may  be  mauared, 
can  never  give  such  good  crops  as  deep  loams  unless  indeed  they 
happen  to  be  placed  in  good  relations  with  ground-water  that  is 
neither  sluggish  nor  too  cold. 

As  has  been  set  forth  in  another  connection,  Hellriegel  found 
that  the  weight  of  the  seed  sown  had  under  some  circumstances 
considerahle  influence  ou  the  yield  of  crop.  The  heavier  the  seed, 
so  much  the  more  vigorous  is  the  young  plant ;  hut  when  the  grow- 
ing crop  is  provided  with  an  abundance  of  food,  under  fit  condi- 
tions, the  advantage  gained  from  heavy  seed  soon  disappears. 
Where  the  crop  is  not  well  nourished,  however,  the  bene&t  of 
heavy  seed  may  be  traced  even  up  to  the  time  of  harvest,  though 
it  tends  always  to  disappear.  Several  eiperiments  which  illustrate 
this  point  are  given  in  the  following  table,  which  shows  the  abso- 
lute weight  of  the  seed,  in  milligrams  (same  specific  gravity  in  each 
case),  aod  the  weight  of  crop  harvested  15  days  alter  sowing. 
Wdi^t.  6re«o.  Diy 

20  207  29 

80  477  4G 


It  is  evident  that,  with  heavy  seeds,  the  probability  of  getting  a 

good  crop  will  be  increased,  in  any  event ;  and  that  such  seeds  are 

specially  important  in  the  case  of  forage  crops  which  are  to  be  mown 

before  coming  to  maturity,  and  for  countries  liable  to  drought. 

Titld  of  BarUy. 

Starting  from  Hellriegel's  beet  crop,  grown  in  a  glass  jar  that  con- 
tained some  29  lb.  of  earth,  and  calculating  how  much  barley  could 
be  grown  at  that  rate  on  an  acre  of  land,  it  would  appear  that 
18,616  lb.  of  the  grain,  i.  e.  39S  bushels,  are  possible;  that  is  to 
eay,  an  amount  so  much  laiger  than  hoe  ever  been  grown  in  field 
practice  that  it  is  simply  inconceivable.  It  is  to  be  remembered, 
however,  that,  besides  being  much  mora  numerous,  the  kernels  of 
grain  obtained  by  Hellriegel  were  larger  and  heavier  than  those 
usually  grown  in  the  field. 

In  England,  the  yield  of  barley  varies  ftom  15  to  75  bushels  to 
the  acre,  the  average  crop  being  rated  at  32  bushels  for  England 
and  the  South  of  Scotland.  We  do  not  do  so  well  as  that  on  this 
side  the  Atlantic    The  United  States  census  returns  of  1870  show 
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K7flng»  nnging  from  12  to  35  biuhels,  the  laijjer  figures  being 
those  of  California  and  Oregon.  Here  in  Massachasetta  the  average 
crop  of  1869  was  25  biuhels  to  the  acre.  I  have  myself  grown 
barley  at  the  rate  of  over  60  bushels  to  the  acre  on  plots  of  ground 
at  the  fiussey  Institution,  and  40  easily  on  still  poorer  land. 
Compotition  of  Barley  Planti  at  diferent  Staga  of  Grotetk, 
Fittbogen  has  studied  the  question  as  to  the  periods  of  develop- 
ment when  the  barley  crop  takes  in  or  produces  the  largest  amounts 
of  organic  matter,  ash  ingredients,  eta,  in  case  the  plants  are  grown 
under  the  beat  possible  conditions,  according  to  Hellri^^'s  plan. 
He  cultivated  plants  in  this  way,  and  collected  samples  of  them  at 
five  different  perionls  as  set  forth  in  the  following  table.  Each  of 
his  collections  comprised  twelve  plants,  which  were  dried  and  re- 
duced to  powder,  and  analyzed  with  the  utmost  caie.  At  the  close 
of  the  designated  periods,  the  average  development  of  the  1 2  pUnta 
was  as  follows  :  — 


Mo.  of 

^'^ 

I-^hta 

DinberorUH 

Fliiod. 

tilieaup. 

Hoou           I*i,T» 

Eu*. 

Bttit. 

I. 

23  May 

113.4 

e.794            70 

IL 

2  June 

438.2 

17,908            lis 

IlL 

Id  June 

G83.4 

33,266            120 

12 

IV. 

24  Jun* 

1,034.8 

83.830            123 

13 

829 

V. 

1«  July 

1,0»8.8 

SG,48B            121 

14 

326 

lIo.ot 

nitawlun 

WtUhtlDOrwnwhtBdiT 

of  Oh 

riutinn 

Boota.      Bti 

Ika.  LnVH,      Wbola 

StnwaM 

Piitod. 

tikimip. 

lodBin.          PluiL 

aaa. 

22  Hay 

0.B7B 

1.373            2.652 

II. 

2  June 

2.2oe 

6.801            8.010 

III. 

19  June 

2.600          12.452          1G.413 

IV. 

24  June 

S.30S          16.781          20.08T 

'4.'72(l 

12.036 

V. 

le  Jul; 

2.678          18.222          21.898 

9.247 

S.975 

The  quantities  of  organic  matter,  ash  ingredients,  etc.,  token  in 
by  the  plants  at  the  several  stages  of  growth,  will  appear  from  the 
following  tables. 

One  hundred  perfect  barley  plants  contained  at  the  moment  of 
collection  the  following  amounts  of  substances,  in  grams:  — 
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Vd^t  at  thB  OiBUlo  MtMtr. 

WKlgbt 

oltlHAihlDgndltnU. 

Total. 

laBoota. 

Oniud. 

ToUL 

Id  So 

DU. 

OlUODd, 

17.879 

8.15S 

11.821 

3.860 

2.006 

L854 

60.752 

16.669 

44.083 

6.139 

1.789 

8.400 

12».6U 

23.027 

106.667 

6.230 

1.663 

4. 667 

188.828 

26.677 

141.140 

6.486 

1.878 

4.663 

41.250> 

1.0001 

99.8881 

8.683« 

175.728 

20.764 

154.962 

6.693 

1.538 

6.156 

74.864' 

1.3881 

80.S08> 

8.767« 

Weight  of  Nitngni. 

Welgbt  Df  PbiMpborlD  Add. 

Wei^tofPotaih. 

TotU 

la 
BoatL 

AboTB 

•^-^      Eita. 

i^Z. 

Total. 

BooU. 

AbOT* 

OnDDd. 

1.131 

0.237 

0.8S7 

0.41S      0.197 

0.216 

0.87S 

0.280 

0.748 

2.048 

0.4SS 

1.605 

0.616      0.161 

0.464 

1.116 

0.166 

0.861 

2.204 

0.4SO 

1.714 

0.729     0.128 

0.601 

1.114 

0.167 

0.857 

2.264 

0.043 

1.613 
0-661> 

0.951* 

0.778     0.097 

0.879 
O.S84> 
0.296' 

0.847 

0.159 

0.688 
0.229' 
0.459* 

3.2G3 

0.SS3 

1.869 

0.8871 
0.73!P 

0.802     0.077 

0.725 
0.B86L 

0.169* 

0.809 

0.071 

0.730 
O.S!36> 
0.4SS* 

"Ingr. 

On. 

•mxnir 

■ndohiff. 

It  is  evideot  that  tha  plants  coutinaed  to  accumulate  organic 
matter  and  ash  ingredients  as  long  as  they  coutinned  to  grow.  Ni- 
trogen continued  to  he  accumulated  until  the  end  of  bloesoming. 
Both  nitrogen  and  ash  ingredients  -were  assimilabid  with  special 
ease  and  rapidity  when  the  plants  were  young,  i.  e.  during  the  first 
third  of  their  life.  Organic  matter,  on  the  contrary,  was  produced 
&eely  until  the  appearance  of  the  ears.  These  results  are  made 
plain  in  the  following  table. 

One  hundred  complete  plants  took  in,  absorbed,  or  produced  tha 
following  weights  of  substances,  in  grams  :  — 

No.  of   DontloB        Dnrlogthiapirticulu  Pertod.  F«  Diem,  on  tht  AT«ngt. 


of  Period, 

OrginiD 
M«tai. 

A>hu. 

NftmaWL 

^£i= 

AaliM. 

HltKlfNL 

10 

17.879 

8.860 

1.134 

1.789 

0.886 

0.113 

11 

42.773 

1.279 

0.909 

3.888 

0.116 

0.088 

14 

68.042 

l.OBI 

0.181 

4.924 

0.078 

0.011 

8 

87.126 

0.208 

0.050 

4.641 

0.026 

0.006 

22 

8.908 

0.257 

0.000 

0.405 

0.012 

0.000 

It  is  to  be  observed  that,  although  a  continual  increase  of  total 
ash  ingredients  was  noticed,  no  such  constant  increase  oconrred  in 
respect  to  some  porticuhu  constitueute  of  the  asbea.    Thus  then 
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were  abaolutely  smaller  quuititica  of  potash,  magneaia,  Boda,  and 
vhlorine  ia  the  plants  durmg  the  last  stugea  of  growth  than  had 
been  noticed  prerioiuly. 

The  largest  mciease  in  weight  of  the  crop  occurred  between  the 
time  when  can  fiist  appeared  and  the  end  of  blossoming.  A  dmi- 
lar  observation  had  previously  been  made  by  Scheven  is  respect  to 
barley,  and  by  Stoeckhardt,  and  by  Wolff  alao,  in  respect  to  oats. 
But  in  the  field,  much  must  depend  npon  the  chaiacter  of  the  soil 
and  the  state  of  the  weather,  and  Arendt  has  studied  an  oat  crop 
which  took  up  the  largest  proportioQ  of  its  dry  matter  while  it  waa 
comparatively  young. 

Taking  the  largest  observed  weight  of  the  roots  (dried)  as  equal 
tu  100,  there  waa  produced  of  it,  — 

FnCaoL 

Before  the  Ist  collectioD 29.6 

Betnreen  lit  ud  2d  collection 37.2 

B«t<reea  2d  and  M  collection 82. 7 

BetwMu  3d  aud  4th  coUection lO.S 

From  the  time  of  the  first  appearance  of  grain  until  ripeness  tbe 
dry  matter  of  the  roots  diminished  to  the  extent  of  19%. 

For.  each  100  lb.  of  dry  roots  there  weie  found  the  following 
amounts  of  dry  stalks,  leaves,  etc.  :  — 

171  lb.  at  the  time  of  the  lat  eolleetion. 

283      ' 2d        " 

421       "  "  "      Sd        " 

608      "  "  "      «h       " 

718      ■'         "         "     Bth      " 

It  is  of  interest  to  note  how  different  these  relations  are  &om 
those  observed  by  Nobbe  in  respect  to  the  dry  organic  matter  in  the 
roots  and  foliage  of  buckwheat  plants  that  were  grown  in  garden 
loam.  He  found,  namely,  for  100  lb.  of  dry  roots,  1520  lb.  of  dry 
stalks,  leaves,  etc 

Selatuin  between  Grain  arid  Straw. 

The  relations  between  the  amounts  of  barley  grain  and  straw 
that  are  harvested  in  farm  practice  vary  widely  in  different  in- 
stances, and  the  consideration  of  tbe  causes  of  these  variations  is  a 
subject  of  no  little  interest.  The  perfect  plants  of  Hellriegel  yielded 
as  a  rule  about  as  much  dry  grain  as  they  did  dry  straw.  His  fig- 
ures are  44  to  48%  grain,  44  to  48%  straw,  and  6  to  8%  chaff.  Of 
course  every  particle  of  the  plant  above  ground  was  saved  in  this 
case,  and  no  kernel  of  grain  was  lost  in  any  way,  while  in  the  field 
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there  ia  much  waste,  and  often  imperfect  aeparatioa  of  grain  from 
the  straw.  But  it  is  none  the  less  noticeable  tliat  in  field  practice 
the  proportion  of  grain  to  straw  ia  commonly  as  2:3;  at  the  ut- 
most it  is  no  better  than  5 : 6.  Boussingault  found  78  grain  to  100 
straw,  and  SchwerCz  38  grain  to  100  straw.  Under  such  conditions, 
it  is  no  wonder  that  the  straw  is  tliought  to  have  conaiderable 
value  as  fodder.  It  i^  held  geuer&lly  to  be  better  for  this  purpoae 
than  the  straw  of  rye  or  wheat.  Manifestly,  the  more  perfect  the 
growth  of  the  crop,  and  the  more  complete  the  ripening  of  it,  so 
much  the  larger  will  be  the  amount  of  grain  produced  as  compared 
with  the  amount  of  straw. 

Limitatuiiii  of  Field  Practice. 

Curiously  enough,  when  the  question  is  considered  in  how  &r  it 
is  possible  in  field  piactice  to  attain  results  similar  to  those  of  Hell- 
ri^el,  it  will  be  seen  that  the  farmer  has  less  power  over  light  than 
be  has  in  respect  to  any  other  of  the  conditions  nquisite  for  growing 
a  perfect  crop^  To  control  tight  in  agricultural  practice  is  quite 
beyond  the  power  of  man.  The  amount  naturally  available  cannot 
be  increased  in  any  econoj^ical  way,  nor  indeed  can  plants  grown 
in  the  midst  of  a  field,  partially  shaded  as  they  are  by  their  com- 
panions, ever  get  quite  so  much  light  as  came  to  Helireigel's  indi- 
vidual plants  that  were  eutirely  free  from  shade. 

Heat  also,  speaking  with  regard  to  field  crops,  is  almost  as  un- 
man^eable  as  light,  though  some  small  increase  of  it  can  he  gained 
by  means  of  manures  actually  in  process  of  fermentation,  or  by 
strewing  dark-colored  gravel  on  the  land.  Ilellri^el  constantly 
encountered  differences  from  one  year  to  another,  both  as  to  the 
amount  of  crop  harvested,  and  as  to  the  proportion  of  straw  to 
grain,  that  depended  on  the  comparative  warmth  of  the  several 
yeara.  • 

It  is  the  necessity  of  depending  absolutely  on  the  natural  supply 
of  light,  and  almost  eutiiely  on  that  of  beat,  which  puts  limits  to 
the  farmer'a  power  of  action,  and  holds  bim,  so  to  say,  in  bonds  ; 
for  every  crop  has  its  own  peculiar  requirements,  both  as  regards 
light  and  heat,  which  be  would  be  glad  to  have  under  controL  At 
each  period  of  development  in  a  plant's  life  there  is  some  special 
physiological  work  to  be  done,  moreover,  that  requires  some  partic- 
ular amount  or  degree  of  intensity  as  to  the  action  of  these  agencies, 
which  it  would  be  well  to  supply  or  foster  if  it  were  hut  possible  to 
do  so.    When  grain  is  ripening,  for  example,  the  plants  need,  and 
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they  can  bear,  more  beat  than  would  be  good  for  tbem  when  they 
are  merely  growing.  So,  too,  a  wheat  crop  needs  more  heat  than  a 
rye  crop,  and  barley  more  than  oats. 

Other  tbingB  being  equal,  it  ia  in  the  last  analysis  the  average 
heat  and  light  of  a  locality  which  determine  the  kinda  of  crope 
grown  there,  and  the  amouiita  of  each  crop  that  are  harvested.  In 
all  other  respects  the  &rmer  has  considerable  freedom.  By  deep 
cultivation  he  might  increase  to  almost  any  extent  the  foliime  of 
mellow  earth  at  the  disposal  of  the  roots  of  a  crop ;  by  mulcfain^^ 
be  could  maintain  good  tilth ;  and  by  means  of  irrigation,  water 
could  be  secured  in  abundance.  And  plaut-food  in  any  quantity 
might  be  added  to  the  soil,  either  as  manura  or  in  the  shape  of 
artificial  feitilizeia. 

Tit  Germination  of  Seed*. 

In  speaking  just  now  of  barley  malt,  and  in  some  of  the  earlier 
chapters  also,  the  germination  of  seeds  has  been  alluded  to  inci- 
dentally. It  is  a  sabject  concerning  which  much  might  be  said. 
Chemically  speaking,  the  facts  to  be  specially  insisted  upon  are  as 
follows.  When  a  seed  is  inoietetied  and.placed  where  oxygen  can 
come  in  contact  with  it,  in  a  sufficiently  warm  place,  the  proceea 
known  as  germination  begins.  The  conditions  essential  for  germi- 
nation are  moisture,  warmth,  and  oxygen ;  and  if  oiie  or  another  of 
these  conditions  is  lacking,  the  process  will  not  go  on.  Even  if  the 
process  were  once  well  started,  it  would  come  to  a  stand-still  if  the 
water  about  the  seed  were  to  dry  away,  or  the  temperature  were  to 
fall,  or  the  oxygen  in  the  circumambient  aii  were  used  up. 

For  example,  seeds  germinate  readily  when,  after  having  been 
swollen  in  water,  they  are  placed  in  a  glass  cylinder,  which  is  kept 
warm,  and  through  which  a  current  of  air  b  continually  drawn,  to 
remove  the  carbonic  acid  which  results  from  the  action  of  oxygen 
upon  matters  in  the  seeils.  But  if  the  current  of  air  were  checked 
BO  that  carbonic  acid  could  accumulate  around  the  seeds,  the  pro- 
cess of  germination  would  be  interrupted ;  and  so  it  is  when  seeds 
are  buried  so  deeply  in  the  soil  that  no  adequate  supply  of  aii  can 
reach  thera. 

If  swollen  seeds  are  laid  on  muslin  stretched  across  the  month  of 
a  vessel  full  of  water,  they  do  not  as  a  rule  germinate  so  well  as 
when  placed  in  clayey  loam,  manifestly  because  the  warmth  evolved 
during  germination  is  conducted  away  &om  the  seeds  mora  rapidly 
in  the  one  cose  than  in  the  other. 
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In  order  that  germination  on  muslin  shall  be  fally  mcoesefo],  it 
ia  beet  to  keep  the  water  beneath  the  muelin  warm ;  that  is  to  say, 
it  should  be  maintained  at  the  temperatDre  best  fitted  for  the  gor- 
miuatton  of  the  particular  seed  upon  which  ezperiments  are  to  be 
mad&  Some  seade  germinate  well  enough  oq  muilin  when  the 
water  ia  at  the  ordinary  temperature  of  the  air,  but  othera  do  not. 

There  ia  another  point  to  be  considered  in  reepect  to  germination 
on  muslin ;  tiz.  mere  water  is  apt  to  dissolve  out  aome  albuminoid 
matters  &om  the  seeds,  and  this  solution  is  prone  to  putrefy.  To 
avoid  this  difficulty,  it  is  well,  instead  of  mere  water,  to  uae  a  mix- 
ture of  one  quarter  of  a  volume  of  saturated  solution  of  gypsum, 
and  one  volume  of  water.  (Knop.)  The  lime  salt  forme  insoluble 
compounda  with  the  albuminoid  matters,  and  preventa  them  from 
coming  out  of  tha  seed.  It  ia  because  of  its  absorption  of  these 
mattera  dissolved  from  the  seed,  as  well  as  on  account  of  its  poros- 
ity and  its  comparative  non-conductibility  for  heat,  that  clayey 
loam  is  a  better  material  than  either  sand  or  sawdust  in  which  to 
germinate  seeds.  One  good  way  of  proceeding  ia  to  place  the  seeds 
in  a  flower-pot  saucer  of  common  unglozed  eaithen-ware,  which  is 
Bet  in  a  larger  saucer  kept  filled  with  water  up  to  the  rim  of  the 
smaller  inner  saucer.  Another  way  ia  to  place  the  seeda  on  a  strip 
of  cotton  flannel,  and  roll  them  up  in  it  to  a  cylinder,  the  lower 
end  of  which  is  left  resting  in  water  kept  at  the  bottom  of  a  cup. 
The  roll  of  cloth,  and  the  seeds  in  it,  are  thus  moistened  by  capil- 
lary attractioD. 

It  is  to  be  remembered,  that  a  seed  contains  everything  necessary 
fbr  the  development  of  the  young  plant  excepting  water  and  oxy- 
gen. Both  these  additions  are  necessary,  and  they  must  come  from 
without.  Seeds  will  not  germinate  in  oil ;  nor  in  water  which  has 
been  boiled  to  expel  air;  nor  in  gases  other  than  oxygen.  On 
the  other  hand,  they  aie  said  to  genninate  well  enoi^  in  air  that 
has  been  c-ompressed  to  half  its  original  volume,  and  in  that  which 
has  been  lanfied  to  half  the  nanol  density.*  Moreover,  they  do  not 
require  that  the  air  about  them  shall  contain  the  full  quantity  (20%) 
'  Hon  racmt  ezperimenta,  by  Bert,  cart  a  donbt  upon  the  statement  in  tba 
text.  Bert  found  that,  while  6i%  of  barley  germinated  at  the  ordiaar?  prat- 
tan  of  the  sir  (ki  7S  cdl  of  mercnry),  only  iO%  genninatod  in  air  at  GO  cm., 
26%  at  2S  cm.,  and  t%  at  10  cm.  These  obeerrationB  have  been  snppoaed  to 
inpport  the  idea  that  microecopic  oiganiBms  play  an  essential  part  in  the  pro- 
cess of  garmination.  It  hat  been  argoed  that  germiaation  cannot  occar  in 
pnieiice  of  comprtued  oxygen,  beeaute  the  Utter  deatioyt  all  microdemei. 
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of  oxygen  which  in  uau&Ilj  foond  in  air,  thone^  mtunllj  raongh 
too  great  a  reduction  in  the  proportion  of  oxjgea  is  nn&Tureble. 

By  the  action  of  air  and  water,  at  suitable  tempeiatnnB,  a  U^ 
erabiy  large  proportion  of  the  insoluble  matlere  in  tite  aaed  are 
changed  to  eoroble  matten.  A  good  part  of  the  ■Ibuminoids 
chai^  to  diaataae  aud  maltia,  and  to  asparagin,  leocin,  etc  The 
Btarcb  changes  to  dextriu  and  sugar.  The  oil  in  oily  seeds  dis- 
appears npidly,  and  is  changed  first  to  starch,  which  in  ila  tnm 
ultimately  forms  the  substances  which  build  the  shoot ;  meanwhile^ 
juuoh  oarbonio  acid  is  evolved.  All  these  soluble  matters  pass  fiom 
the  seed  to  the  spront,  and  are  there  changed  to  oellulose,  starch, 
pectoee,  albumen,  and  the  other  niatten  of  which  the  sprout  connsta. 
This  transferenoe  of  matter  may  even  go  forward,  in  the  case  of 
certain  kinds  of  plants,  for  some  little  time  irom  the  lower  leaves 
-to  thoae  which  are  higher ;  and  young  plants  may  thus  contiiiue 
to  grow  in  pure  water  for  a  month  or  six  weeks,  the  lower  leaves 
dying,  meanwhile,  as  the  upper  leaves  develop.  Of  ooune,  under 
these  conditions  a  little  carbon  is  gained  &om  the  air  through  de- 
composition of  carbonic  acid  which  is  absorbed  by  the  leaves ;  but 
then  is  seldom  any  marked  increase  of  dry  matter  over  what  woe 
contained  in  the  original  seed. 

It  is  important  to  remember  that  each  and  every  kind  of  seed 
has  its  own  peculiar  limits  of  temperature  between  which  it  oan 
germinate.  A  considerable  amount  of  warmth  is  genemted,  of 
course,  by  the  chemical  reactions  which  occur  during  germination, 
but  a  certain  external  temperature  is  needed  to  start  the  internal 
development  of  heat.  Maize  needs  a  h^her  temperature  for  germi- 
nating than  barley,  rye,  and  wheat,  in  spite  of  the  fact  that  the 
several  grains  reaemble  one  another  tolerably  closely  in  ohemical 
composition. 

To  test  this  matter,  Hellriegel  sowed  several  kinds  of  seeds,  on 
the  15th  of  January,  in  glass  jars  filled  with  garden  loam,  and 
.  placed  the  jais  in  a  room  that  stood  between  rooms  that  were 
heated,  although  it  was  not  itself  artificially  heated.  T^  earth 
was  kept  moist  to  the  extent  of  60%  of  its  water-holding  power, 
and  the  dates  at  which  leaf-buds  appeared  at  the  snr&ce  of  the 
earth  was  noted.  Some  of  the  results  obtained  are  given,  as  an 
example,  in  the  following  table.  The  mean  temperature  of  the  soil 
was  48°  during  the  experiment,  and  the  range  of  temperature  was 
between  43"  and  53®. 
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^-    .jn-.j-        Ko.  of  Plinto    n  n._  .«_ 
KtodofPltnt.  Bwi  thUmimueii    "^JJ^ 

Winter  rye 10  »  9 

Winter  wheat 10  10  12 

Barley 10  8  IS 

Oats 15  15        .  13 

Uaizs 10  2  i2 

Flax 10  9  13 

Peas 8  6  10 

Horse  lieaiis 3  3  19 

Lutiinea G  2  12 

Clover 20  17  1* 

Buckwheat 10  8  16 

Beeta 20  20  38 

Carrott 1  SO  SO  38 

Cucomben 10  0  42 

There  is  a  curious  practice  of  gardeners  that  deservBs  to  be  stud- 
ied from  this  point  of  view;  the  custoia,  namely,  of  throwing  the 
seeds  of  certain  leguminous  plants  into  lioiling  water,  and  letting 
the  water  cool  with  the  seeds  still  in  it.  This  "  warming  "  is  of  the 
nature  of  a  strong  suggestion  that  the  seeds  should  enter  upon  a 
new  course  of  life. 

Many  experiments  have  been  made,  by  different  observers,  to  test 
the  influence  of  various  chemical  agents  on  the  germination  of  seeds. 
One  point  of  practical  importance  that  has  resulted  from  these  triola 
is,  that  many  saline  and  acid  solutions  are  detrimental  to  the  pro- 
cess. !NessIer  fuund,  for  example,  that  most  saline  solutions  that 
are  stronger  than  0.5%  are  hurtful,  both  for  seeds  and  for  young 
plants  that  have  just  sprouted.  Thus,  an  0.5%  BoltitioQ  of  common 
salt  prevenbid  the  germination  of  clover,  rape,  and  hemp  seeds, 
though  a  solution  so  weak  as  this  did  not  prevent  wheat  from 
germinating.  A  1%  solntion  of  the  salt,  however,  prevented  all  but 
a  few  grains  of  wheat  from  germinating,  and  the  sprouts  that  did 
start  soon  perished.  Hemp  seeds  were  injuiiouBly  affected  by  a 
solution  uf  salt  that  contained  no  more  than  0.25%, 

When  moistened  with  a  1%  solution  of  sulphate  of  ammonia, 
wheat  grains  genninated,  but  the  young  plants  would  not  grow, 
not  even  when  the  solution  was  only  0.75%.  A  comparatively  laigo 
number  of  seeds  germinated  when  wet  with  a  10%  solution  of  sugar, 
but  the  growth  of  the  young  plants  was  hindered  even  by  a  0.5% 
solution  of  it  Ferrous  sulphate  (copperas),  even  when  its  solution 
is  no  stronger  than  0.05%,  has  an  injurious  effect,  both  on  germina- 
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tion  and  on  the  further  development  of  seeds  that  have  already 
sprouted.  These  statements  consist  with  the  well-known  fact,  that 
in  watier  culture  and  sand  culture  it  is  usually  safest  to  employ  sa- 
line aolutiooa  that  are  no  stronger  than  One  part  of  the  salt  to  1,000 
parts  of  wat«r. 


CHAPTER  XIX 

OATS. 

The  oat  ia  a  hardy  plant  specially  well  adapted  for  temperate  di- 
mates.  It  yields  a  nutritious  grain,  besides  straw  that  is  held  to  be 
worth  rather  more  as  fodder  than  the  stmw  of  most  other  cereals. 
It  is  a  plant  wliich  ia  easily  grown,  even  in  cold,  hareh  sitaations 
and  on  poor  soils,  being  robust  and  vigorous,  and  capable  of  feeding 
closely,  as  the  term  is.  That  is  to  say,  it  is  not  fastidious,  as  wheat 
and  barley  are,  either  with  regard  to  the  quality  of  ita  food  or  the 
tilth  of  tbe  soil. 

It  is  because  of  these  considerations  that  oats  are  often  grown 
upon  very  poor  land.  So,  too,  in  some  of  the  older  systems  of  rota- 
tion, oats  were  habitually  grown  at  those  times  and  places  when  the 
smallest  amoaut  of  manure  wns  applied.  Yet  oats  are  grateful  for 
manure,  and  they  thrive  especially  on  soils  rich  in  humus.  They 
are  &equently  grown  as  the  first  crop  on  newly  broken  sod-land,  and 
on  peaty  soils  also. 

Oats  are  not  much  cultivated  in  hot  countries.  In  Europe  they 
are  rarely  seen  below  the  isotherm  of  Paris,  while  in  Great  Britain 
some  4,300,000  acres  of  oata  were  grown  in  1880,  mostly  in  Scot- 
land and  the  Korth  of  England.  In  ths  United  States  rather  more 
than  16  millions  of  acres  were  devoted  to  oats  in  1880,  against  35^ 
millions  to  wheat,  nearly  2  millions  each  to  barley  and  to  rye,  and 
62^  millions  to  Indian  com.  Oats  succeed  beat  in  cool,  moist  cli- 
mates, like  that  of  Scotland  and  of  Prince  Edward's  Island.  Id  tbe 
vicinity  of  Boston  oats  are  not  grown,  except  to  be  ent  green  for 
forage,  because  of  their  liability  to  rust.  In  the  Sonthem  States, 
and  in  the  South  of  England  even,  several  varietiea  of  winter  oata 
are  cultivated. 
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OaU  not  a  Fattidiout  Crop. 

In  the  matter  of  soil,  as  was  said,  the  oat  pknt  is  not  particular. 
It  will  grow  npon  gravel,  or  upon  clay  or  poat  provided  the  latter  can 
be  kept  &ee  from  ezcesaiva  moisture.  It  has  ofteii  been  said,  that 
oate  will  grow  upon  any  soil  that  can  be  ploughed  and  harrowed. 

Tbe  yield  in  this  country  is  from  10  to  12  bushels  per  acre  in  the 
Southern  States,  to  37  and  40  in  Iowa  and  California,  say  28  bushels 
on  the  average.  It  is  abyut  30  buBheU  in  New  England.  In  the 
best  oat  districts  of  England  and  Scotland,  they  get  from  44  to  66 
bushels  to  the  acre  on  tbe  average,  though  occasionally  90  to  100 
bushels  to  the  acre  are  obtained  from  fertile  fields. 

Several  interesting  experiments  have  been  made  by  Hellriegel 
with  regard  to  tbe  influence  of  moisture  and  of  nitrogen  on  the 
prosperity  of  this  plant  Starting  with  plants  in  tall  pots,  filled 
with  sand  capable  of  holding  25%  of  water,  and  mixed  with  all  the 
constituents  necessary  for  a  maxinaim  crop  except  water,  he  ob- 
tained the  following  restdts :  — 


P>rOiintof«UU» 

OlUD 

.of  Crop 

prodncri. 

oitmSoii. 

W 

uttrtbgSrrtl 
could  holi 

Straw  ud 

ch«(r. 

Or«ln. 

TotHOroj 

2i-6 

10-20 

*,ie 

1.80 

6,89 

6-10 

20-40 

11.78 

7.81 

18.60 

10-15 

40-eo 

13.8* 

I0.S1 

S4.85 

16-20 

80-80 

15.7S 

11.86 

27.03 

The  plants  did  not  wilt  with  the  lowest  proportion  of  water 
Precisely  as  was  the  case  with  barley,  Hellriegel  observed  that  the 
natural  rain&ll  at  Dabme  is  inaoificient  to  insure  a  maximum  crop 
of  oats. 

In  another  set  of  experiments  the  plants  had  everything  they 
needed  except  nitrogen.  The  following  results  were  obtained  when 
nitrogen  was  added  in  the  form  of  a  nitrate  :  — 


Dml>  nl  Nitragao  In  ■ 

CtOinIn 

OnlGra 

jimi«i]b.Diaou. 

b«rv«l»L 

ic*it<llMt» 

0 

0.330 
Gain 

7 

0.939 

1.168 

14 

2.606 

3.S9S 

21 

8.S4S 

8.  COS 

28 

6.211 

4.671 

43 

7.080 

7.007 

60 

B.053 

B.S43 

84 

8.343 

8.S43 

The  point  of  special  Interest  in  this  matter  is,  that  similar  experi- 
ments made  with  wheat  and  rye  showed  that  a  maximum  crop  of 
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oats  cui  be  grown  witU  &  Binalier  proportioB  of  nitrt^n  in  the 
Boil  Ihau  is  required  b^  wheat,  or  rye,  or  bariey.  This  result  oor- 
toboiat«B  clearly  the  popular  opinion  a>  to  oata,  j  uat  now  allnded  fa^ 
and  explaina  and  justifies  the  pnuticea  of  growing  this  crop  on  poor 
laud,  and  on  the  least  fertile  field  of  a  grain  rotation. 

Hellrie^l  has  concluded  from  the  results  of  his  experiments,  as 
stated  in  the  table,  that  66  lb.  of  nitrogen  to  the  millioa  lb.  of  soil 
are  sufficient  for  a  nuudmum  crop  of  oats,  while  63  lb.  ara  needed 
for  a  crop  of  rye,  and  84  lb.  for  a  crop  of  wheat  Taking  56  lb, 
as  the  amount  really  needed,  he  has  calculated  the  third  column  in 
the  table,  which  represents  the  number  of  grams  of  grain  which 
should  have  been  produced  by  the  amounts  of  nitrogen  actually 
present  in  the  soil  in  case  the  action  of  tiiis  element  is  proportional 
to  its  weight.  These  experiments,  it  should  be  said,  are  perfectly 
consistent  with  those  of  Stoeckhardt,  who  observed  that  the  growth 
of  the  oat  plant  is  greatly  increased  by  the  application  of  nitn^ea- 
ized  manures,  and  particularly  by  such  as  are  easily  soluble. 
Mixed  NUrogenout  Fertilizeri  good  far  Oatt, 

For  actual  farming  practice  Stoeckhardt  recommended  that  ths 
oat  crop  should  receive  a  mixture  of  easily  soluble  and  of  difficultly 
soluble  nitrogenized  compounds,  in  order  that  the  young  plant  might 
be  made  vigorous  and  the  shooting  plant  thrifty  by  the  former, 
while  the  older  plant  should  be  kept  growing  by  the  latter. 

This  recommendation  is  based  upon  the  results  of  experiments 
which  were  lepeated  for  several  years.  Stoeckhardt  found  that 
when  soluble  nitrogenized  compounds  were  looking,  the  crop  did 
not  prosper  in  the  earlier  stages  of  v^etation,  while,  if  only  soluble 
compounds  had  been  given,  the  rate  of  growth  fell  off  too  soon  after 
the  plants  had  flowered.  This  difficulty  could  probably  be  met  by 
applying  the  soluble  fertilizer,  nitrate  of  soda  for  example,  by  suc- 
cessive instalraentu,  if  that  operation  were  but  possible  on  a  gmin- 
field,  though  it  may  perhaps  be  true  that  the  plants  need  one  kind 
of  nitrogenous  food  when  they  are  young,  and  another  kind  later 
in  life.  By  applying  easily  soluble  nitrogenized  manures,  Stoeck- 
hardt obtained  vigorous  plants  at  the  start,  a  point  upon  which  he 
insists. 

He  proved  also  that  the  mass  of  the  oat  plant  -could  be  increased 
by  applying  manure  even  after  the  plant  bad  flowered.  Hence  he 
urges  that  the  farmer  should  not  be  afraid  of  wasting  manure  by 
applying  it  to  a  young  nr  middle-aged  ci'f^  that  happens  to  be  back- 
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ward,  or  that  Itas  received  any  clieek.  He  combata  the  notioa  that 
oaU  will  Dot  profit  by  a  heavy  dreaeing  of  fresh  raanure,  haviiig 
found  that  they  bear  auch  mauuie  prafectly  well ;  and  he  argues 
that  it  ia  a  point  for  each  farmer  to  determiue  for  himself  whether 
ha  had  not  better  buy  manure  or  fertilizeis  for  bis  oat-tielda,  and  bo 
get  good  crops,  rather  than  to  scoui  the  laud  by  growing  oats  with- 
out special  fertilization. 

Bone-meal  gave  Stoeckhardt  good  reeults  upon  oata,  even  as  a 
forcing  mauura,  in  case  the  bones  had  been  steamed  and  ground 
fine,  and  it  had  the  further  merit  of  supplying  nitrogen  to  the  crop 
throughout  ita  entire  growth,  almost.  But  it  needs  to  be  said  thai 
the  Thaisndt  experimental  field  was  a  bottom  land,  little  liable  to 
soffer  from  lack  of  moisture. 

lafiumce  of  Pko»pkata  on  the  Oat  Plant. 

The  following  experiments  made  by  Wolff,  by  way  of  water  cul- 
tare,  to  teat  the  influence  uf  different  quantities  of  phosphoric  acid 
on  the  development  of  the  oat  plant,  are  intereatini^  as  showing  bov 
important  it  is,  for  successful  growth,  to  have  an  abundance  of  this 
constitaent,  and  how  marked  an  influence  it  has  on  the  production 
of  the  grain  in  particular.  Eight  jare,  each  containing  six  plants, 
were  filled  with  a  highly  dilute  solution  that  contained  all  the  ele- 
ments of  plant-food  excepting  phosphoric  acid,  which  was  added  in 
different  qnantities,  as  stated  in  the  table. 


Hlllliinma 
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1.11 
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0.S3 

40.6 

B7.9 
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2.11 

11.05 

1:4.0 

0.G3 

39.3 

4S.4 

15.GS 

a.  47 

10.23 

1:4.1 

0.33 

37.7 

33.0 
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1.76 
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1:4.1 

0.28 

24.8 

8.91 

1.77 

6.22 

1:2.9 

0.27 

39.4 

14.S 

6.46 

1.04 

8.01 

1:2.9 

0.27 

0.0 

a.04 

0.34 

1.05 

1:8.2 

The  percentage  of  phosphoric  acid  in  the  sshes  of  the  gtain  shows 
how  strong  the  tendency  of  this  constituent  is  to  move  towards  the 
grain,  and  the  small  amount  of  dry  matter  harvested  when  no  more 
than  0.33%  of  phosphoric  acid  was  contained  in  it  points  to  the  en- 
tire inadequacy  of  minute  amounts  of  this  mati^rial  to  perform  the 
work  that  needs  to  be  done.  The  plants  in  jara  Nos.  5  to  8  at- 
tained to  no  great  development  in  any  of  their  parts.    Under  the 
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inflaence  of  the  latget  amouDts  of  phosphoric  acid,  the  production 
of  grain  was  abundant,  complete,  and  asBured, 

Compotiiiort  of  Ike  Oat  Plant  at  differaa  Slaga  of  Grottth. 

The  changes  which  occur  doring  the  growth  of  the  oat  plant  bavs 
been  carefully  studied  by  eeveral  chemists,  notably  by  Norton, 
Stoeckhardt,  Wolf^  Arendt,  and  Bretachneider,  as  has  been  set  forth 
in  "  How  Crops  Grow,"  p.  204.  The  research  of  Arendt,  in  paitic- 
:  ular,  was  carried  out  in  a  very  complete  and  admirable  manner,  and 
it  is  customary  to  lay  epectol  stress  upon  his  results,  although  it  is 
evident  that  in  several  particulars  these  leeulta  are  of  lees  general 
applicability  than  those  of  his  predecessors. 

In  order  to  obtain  a  uniform  material  for  his  analyses,  Arendt  se- 
lected, from  all  parts  of  a  3^  acre  field  of  oats,  a  number  of  Tigoroos, 
well-developed  plants,  of  equal  size,  —  as  nearly  perfect,  in  short,  as 
could  be  found.  He  dried  the  plants  quickly  in  the  sun,  and  put 
them  Bude  for  examination.  Collections  were  made  in  this  way  at 
five  different  periods,  representing  as  many  stages  in  the  growth 
of  the  crop. 

The  first  collection  was  of  plants  about  four  inches  high,  with  three 
open  leaves,  and  two  leaves  about  to  unfold.  The  second  collection 
was  taken  when  the  plants  were  about  two  feet  high,  just  before 
the  end  of  the  period  of  shooting  up.  The  third  collection  was  made 
just  after  the  plants  had  blossomed  ;  the  fourth,  when  ripening  had 
commenced,  while  the  seeds  were  still  soft,  though  they  could  be 
shelled ;  and  the  fifth,  when  the  seeds  were  completely  ripe. 

The  plants  of  each  and  every  one  of  these  collections  were  divided, 
in  BO  far  as  was  possible,  into  six  portions ;  viz.  into  eera,  two 
uppermost  leaves,  three  lowest  leaves,  the  upper  joint,  the  two 
middle  joints,  and  the  three  lowest  joints ;  and  each  portion  was 
subjected  to  analysis  by  itself. 

As  one  result  of  this  very  elaborate  research,  it  appeared  that, 
although  the  oat  plant  increased  in  size  and  weight  from  firat  to  last 
througliout  its  entire  life,  the  rate  of  increase  was  surprisingly  dif- 
ferent at  different  periods. 

By  far  the  largest  proportion  of  dry  substance  was  accnmulat«d 
during  the  time  when  the  plant  was  sliootlng ;  while  during  the 
period  of  ripening  the  gain  was  very  small,  and  it  was  mainly  coi^ 
fined  to  the  seed. 

1,000  whole  plants  contained  at  the  ends  of  the  several  periods, 
i  B.  at  the  moment  they  were  collected,  — 
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I.  IL  IIL  IT.  V. 

OraiuB  of  1I17  matter .    .    .    15B       1,361       1,868       S,82t  S,4£e 

Organic  matter     ....     410        1,392        1,7S7        3,203  3,333 

In  other  words,  1,000  plants  absorb,  take  in,  foriii,  or  produce, 
during  the  Beveral  periods,  — 

Granw  of  dr;  matter ...    456          908            G04            456  135 

Oiganic  matter     ....    419         873           475           436  129 

Too  much  stress  must  not  be  laid  upon  these  figures,  however, 
for  results  obtained  by  other  experimenters  show  that  a  crop  grow- 
ing in  the  field  may  assimilate  more  or  less  of  its  substance  at  one 
or  another  period  according<4*  the  weather  and  the  soil,  i.  e.  accoid- 
ing  as  the  supply  of  food  is  abundant  or  meagre,  and  as  the  con- 
ditions essential  to  growth  are  more  or  less  fiiTorable.  For  example, 
Stoeckhardt  and  Wolff  and  Bretachneider  all  found  in  their  experi- 
ments that  the  oat  plant  usually  gains  more  between  the  moment 
when  the  ear  appears  and  the  end  of  blossoming,  than  at  any  other 
time.  Other  chemists  have  noticed  the  same  thing  in  respect  to 
barley.  Like  Arendt,  all  these  investigators  noticed  the  increase  of 
dry  matter  from  fitst  to  last.  Eut  Stoeckhardt  observed  also,  long 
before  Arendfs  research,  that,  when  oats  are  mannred  with  easily 
soluble  nitrcfienized  fertilizers,  the  great  increase  of  growth  will 
occnr  before  the  plant  comes  into  flower,  and  will  fall  off  after  the 
blossoming.  This  observation  evidently  explains  the  apparent 
anomaly  in  Arendt's  results,  for  his  oats  were  grown  upon  a  field 
that  had  been  dressed  with  guano  the  year  before-  and,  as  he  takes 
pains  to  state  repeatedly,  the  plants  examined  were  all  unusually 
rich  in  nitrogen.  ' 

Stoeckhardt  observed  furthermore,  that,  when  the  nitrogenized 
manure  applied  was  of  a  kind  that  is  difficultly  soluble,  the  increased 
growth  of  the  crop  due  to  the  manure,  thoi^b  at  first  scarcely  per- 
ceptible, endured  to  a  remaikable  degree  after  the  time  of  blossom- 
ing. This  influence  of  manure  applied  late  in  the  plant's  life  is  no 
more  than  would  be  expected  &om  what  is  known  of  the  action  of 
ammoniacal  fertilizers  on  gieenhoase  plants.  Tt  is  a  fact  familiar 
to  many  gardeners,  that,  when  plants  upon  which  flowers  are  be- 
ginning to  appear  are  supplied  with  easily  assimilable  nitrogenous 
fertilizers,  or  even  if  their  leaves  are  exposed  to  ammonia  gas,  the 
activity  of  growth  will  be  transferred  from  the  flower  to  the  leaves 
and  stem,  which  assume  new  vigor  and  extraordinary  luxuriance. 
Ttie  foLowing  table,  taken  from  Stoeckhardt's  memoir,  will  illustrate 
VOL.  II. —26 
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the  [roints  Just  now  mentioned.  It  gives  the  amount  of  increase  of 
the  oat  crop  in  pounds  per  Moigen  (=  0.631  acre)  during  the  stated 
times. 

UtJiKHo     Julvfito     jDlfUto    Total  in 
July  a.         July  23.        Aiis-H-    HDiyL 

No  manuro bu5  CIS  835        1,486 

With  boue-dust 670        1,140        1,316        3,325 

With  guano  auil  Ditnte  of  soda    1,2S0        2,131  6S2        4,078 

A  aim  liar  reflolt  baa  beeu  reported  by  a.  Danish  £imier  in  tlie 
following  terms.  240  square  rod^  of  oats  that  were  dressed  with 
2  j[  cwt.  of  blood  manure  yielded  1,868  lb.  grain  and  2,223  lb.  straw  ; 
with  no  manure,  1,584  lb.  grain  and  1,660  lb.  straw ;  increase  due 
to  the  manure,  284  lb.  grain  and  565  lb.  straw. 

Influence  of  Weather  on  the  Oat  Crop. 
Stoeckhardt  found  also  tliat  the  weather,  according  as  it  was 
cold  or  warm,  moist  or  dry,  had  a  marked  influence  on  the  move- 
luent  of  nitrogenized  matters  in  the  plant,  not  only  as  to  the  amount 
of  nitrogen  moved,  but  as  to  the  times,  i.  e.  the  perioda  of  growth, 
in  which  the  movement  occurred.  The  assimilation  of  nitrogen 
was  checked  by  the  cold,  wet  weather  of  the  year  1651,  for  example, 
and  promoted  by  the  warra,  dry  weather  of  1852.  Whence  the  cod- 
clusiou  that  pleasant,  worm  weather  tends  to  the  production  of 
plump,  highly  nitrogenized  seeds  and  non-uutritioue  straw,  i  e. 
straw  poor  in  nitrogen,  while  unfavorable  cold  weather  tends  to 
the  formation  of  seeds  poor  in  nitrogen,  and  of  straw  rich  in  that 
element.  Stoeckhardt  found  the  following  per  cent  of  nitrogen  in 
the  oat  crops  of  1851  and  1852  ;  — 

Straw 0.57  O.BS 

Giua 1.09  2.00 

He  remarks  that  he  heard  constant  complaint  &om  practical  men 
of  the  low  value  as  fodder  of  the  oata  harvested  in  1S51. 

A  practical  application  of  this  knowledge  would  seem  to  lie  close 
at  hand.  In  the  market  of  any  large  American  city  grain  can  be 
bought  that  has  come  from  north,  south,  east,  or  west ;  and  daily, 
monthly,  and  quarterly  statements  as  to  the  weather  in  each  section 
of  the  country  are  published.  It  is  consequently  within  the  power 
of  the  buyer  to  inform  himself  what  regions  have  had  special  advau- 
ti^es  for  perfecting  their  grain,  and  to  look  in  those  directions  in 
order  that  his  money  may  be  spent  to  the  best  advantage. 

Another  illustration  of  the  power  of  the  weather  to  influence  the 
growth  of  a  crop,  even  after  the  time  of  flowering,  is  seeii  in  a  prao 
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tice  of  gieeuhouse  men,  of  forcing  plants  wbioh  ate  about  to  flowBi 
to  throw  out  leaves,  and  to  increase  the  leaves  that  already  exist,  ia 
case  for  any  special  reasou  tbey  wish  to  retard  the  time  of  blossom- 
ing. To  this  end,  the  plant  which  is  just  ready  to  blossom  is  nub- 
jeoted  to  "  bottom  heat,"  i.  e.  the  pot  which  holds  the  phint  is  set 
upon,  01  just  above,  the  hot-water  pipes  by  means  of  which  the 
house  is  heated.  An  abundant  increase  of  leaf  surface  is  thus  ob- 
tained, very  much  in  the  same  way  as  it  would  be  by  feeding  the 
plant  with  ammonia. 

The  influence  exerted  upon  the  crop  by  the  mechanical  condition 
or  character  of  the  soil  is  of  course  intimately  connected  with  tha 
weather.  Thus,  in  the  cold,  wet  year  1831,  oate  grown  at  Tharaudt, 
upon  very  heavy  land,  contained  1.09%  of  nitrogen,  while  another 
parcel  grown  upon  a  less  heavy  (i.  e.  a  medium)  soil,  contained 
1.50^  and  still  another  parcel  grown  upon  a  sandy  soil  contained 
1.85%. 

Talcing  all  things  into  consideration,  it  is  not  strange  that  diffei^ 
ent  scientific  observers,  operating  in  different  places,  under  unlike 
climatic  conditions,  shoold  have  got  results  which  vary  from  one 
another  in  several  particulars.  Compare  for  example,  Arendt  with 
Bretschneider  in  "How  Crops  Grow,"  pages  205,  206. 

It  would  be  quite  beyond  the  scope  of  this  book  to  give  all  of  the 
detailed  tables  which  Aiendt  has  drawn  up  for  each  of  the  six  por- 
tions into  which  he  divided  the  oat  plant  iu  each  of  the  five  periods, 
and  tot  each  of  the  component  substances  that  were  contained  in 
the  several  portions.  The  book  in  which  these  results  were  pub- 
lished is  in  itself  a  considerable  volume.  But  a  synopsis  of  some 
of  the  more  noteworthy  results  may  be  given  in  comparatively  few 
words. 

During  the  Isst  half  of  the  term  of  growth,  ailer  the  plant  had 
fiowered,  it  may  be  said  that  the  whole  of  the  increase  was  on  the 
part  of  the  grain.  There  was  scarcely  any  increase  of  dry  organic 
matter  in  any  part  of  the  plant  beside  the  grain,  after  the  plant  had 
flowered;  and  daring  the  time  when  tho  plant  was  ripening,  them 
waa  a  alight  dimiuution  of  oiganic  matter  in  the  upper  leaves,  and 
in  the  uppermost  part  of  the  stem.  As  for  the  lower  leaves,  they 
ceased  to  inci«ase  at  tisb  time  uf  shooting,  even  before  the  plant  had 
blossomed.  The  distribution  of  organic  matter  in  Arendt's  plants 
at  the  several  stages  of  development  may  be  seen  from  the  follow- 
ing table.     One  thousand  plants,  at  the  different  stages,  contained 
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182.68 
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387.34 
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534.02 

1089.14 

179.91 
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in  their  several  parts  tbe  g^veu  amoimta  in  grama  of  dry  organic 

matter :  — 

>  Lowut    1  Uidill*  Tbe  Upper-  3  Law«t  3  Cppenncst    j.^ 
JolnUL       JoLnU.    m«it  Joint    LmiVrt.       Lnra.         ^^' 

When  4  inches  high      76.76      

AfUT  the  shooting  ISO.IS  178.85  127.83 
After  bloswmiiig  136.29  228.24  204.28 
Begiiming  to  ripeu  143.82  237.48  209.89 
Complete  ripeness        U1.55      231.01      205.84 

And  1,000  plants  coiitaineil  in  theii  seveml  parts  the  following 
amouuta  of  ashes,  in  grams  :  — 

!.5*         19.31        13.72 

1.16  5.25  4.67        20.88        21.73        15.66 

1.91  11.46  11.32  22.49  24.58  25.70 
1.63  12.52  12.41  21.31  3S.9S  81.36 
i.96  13.00  14.16  20.07  SS.47  31.39 
With  regard  to  the  separate  "proximate  constituents"  of  the 
oat  plant,  it  appeared  that  cellulose  is  produced  most  abnudantly  at 
the  time  of  shooting.  It  ceased  to  increase  after  the  plant  bad 
flowered.  One  thousand  plants  contained  tbe  following  amounts  in 
grams  of  cellulose  in  the  several  periods :  — 

I.  ir.  m.  IT.  T. 

103  4S0  GSS  64S  551 

The  largest  absolute  amount  of  cellulose,  as  well  as  the  laigeet  pro- 
portion of  it  with  regard  to  the  other  constituents  of  the  oat  plant, 
was  produced  during  the  shooting  up  of  the  atalka,  and  tbe  amount 
of  tbie  increase  was  not  a  little  remarkable.  An;  ^ven  weight  of 
iry  plants  contained  twice  as  much  cellulose  after  tbe  shooting  as 
before,  but  subsequent  to  that  period  there  was  hardly  any  increase. 
An  important  lesson  as  to  the  harvesting  of  forage  ciope  is  sug- 
gested by  these  results;  viz.  that  it  would  not  be  well  to  mow 
towards  the  end  of  tbe  season  of  shooting,  lest  tbe  proportion  of 
mere  woody  fibre  in  tbe  hay  cut  at  that  time  be  too  laige,  as  com- 
pared with  the  more  valuable  constituents.  In  general,  a  given 
weight  of  dry  leaves  contained  less  cellulose  than  tbe  same  quantity 
of  stalks.  In  the  dry  leaves  the  per  cent  of  cellulose  ran^d  from 
22  to~  38.  Up  to  the  time  when  the  plants  blossomed,  the  per- 
centage of  cellulose  was  largest  in  the  upper  leaves ;  but  afterwards 
it  was  largest  in  the  lower  leaves,  because,  sa  other  auhatances 
passed  into  the  upper  leaves  when  the  plants  began  to  ripen,  tbe 
proportion  of  cellulose  there  was  diminished. 

The  least  percentage  of  cellulose  was  in  tbe  ears,  and  it  decreased 
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moreover  in  these  oi^aoa  i^ularly  as  tbey  grev  older,  uid  so  be- 
came charged  with  other  matters,  from  27%  at  the  time  of  fiawer- 
ing  to  12%  when  folly  lipe.  The  proportiott  of  cellulose  was  always 
smaller,  however,  ia  the  ears  than  in  the  leaves ;  and  all  the  leaves 
put  together  did  not  contain  so  mnoh  of  it  as  the  mature  stalk. 

Throwing  together  the  whole  class  of  non-nitiogeuized  nutritious 
substances,  such  as  starch,  si^ar,  pectose,  gum,  etc.,  it  appears  that 
more  of  these  things  were  produced  during  the  shooting  of  the  plant 
than  at  any  other  time,  and  that  the  least  quantity  was  produced  at 
the  time  of  ripening. 

On  the  whole,  the  atom  is  ricber  in  these  non-nitrogenized  ele- 
ments of  food  than  the  leaves ;  hut  as  the  plant  grows  older,  the 
proportion  of  these  ingredients  increases  in  its  uppermost  parte,  so 
that  the  higher  leaves  become  comparatively  rich  in  them.  During 
the  period  of  ripening,  the  proportion  of  the  uon-nitrogenized  mat- 
ters decreases  to  a  notable  extent  in  the  middle  and  upper  portions 
of  the  stalk,  while  it  increases  in  the  upper  leaves  and  in  the  ears. 
It  is  evident  that  some  of  these  matters  ate  at  that  time  transferred 
from  the  stem  into  the  fruit  and  towards  the  fruit.  Their  increase 
in  the  ear  is  constant,  from  first  to  last.  The  large  proportion  of 
these  matters  in  all  the  parte  of  the  young  plant  is  noteworthy. 

One  thousand  plants,  at  the  diEferent  stages,  contained  in  their 
several  parts  the  given  amounts  in  grams  of  the  non-nitrogenized 
elements  of  food  :  — 

S  Lowst     1  Hldilh    Th>  nrpar-    i  Lomit     9  Upper        --„ 
JolnU.        Joints.     mostJolnt.      LenToa.        Lekvu.         ""■ 

When  *  inchei  high      »8.*7  83.10        71.85    [201.40] 

After  the  shooting  60.01  91.80  68.97  79.37  106.10  217.17 
Alter  bloMoraing  66.90      121.96        99.51        B2.SS      1S9.M     121.09 

Beginning  to  ripen      71.00     13I.S6       93.06       77.18      169.87     701.88 
Complete  rip«ne«9         73.81      121.10        89.69        79.11      161.12     811.18 
And  1,000  grams  of  the  dried  plants  contained,  at  the  several 
periods,  these  amounts  in  grams  of  the  non-nitrogenized  matters :  — 

Period  I.     .    .    .    688.08      116.87      107.66      .... 

"  II,  ...  103.73  621.76  612,55  880.62  811.21  6SB.58 
■'  III.  .  ,  .  177.17  621.25  181.68  872.39  893.28  805.85 
"  IV.  ...  191.67  161.05  119.82  367.33  191.98  626.17 
'■  V.  .  .  .  197.22  116.83  131.39  S97.21  139.81  631.69 
Nitrogenized  ingredients  were  found  in  the  largest  proportion  in 
the  very  young  pknts ;  but  as  the  plants  grew  older,  the  propoi^ 
tion  of  nitrc^u  fell  gradually,  while  that  of  cellulose  increased. 
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until  after  the  time  of  flowering,  vfaen  (with  the  beginning  of 
ripeuing)  the  amount  of  nitrogen  suddenly  increased  to  a.  remark- 
ahle  extent,  as  will  appear  from  what  follows.  One  thonsand 
plants  toolc  in  {or  formed)  of  nitrogeniied  matter,  while  very  young, 
95  grams ;  while  shooting,  64  ;  while  flowering,  44 ;  between  flower 
ing  and  first  stages  of  ripening,  115;  and  during  the  last  stages  of 
ripening,  34.  The  young  plants  contained  the  fallowing  per  cent 
of  nitrogen :  — 

Ib  tbe  Stam.  In  Ldwit  Lnn*.  Ik  Uppar  Lwtm. 

2.15  2.34  8.71 

But  SO  &r  as  these  organs  were  concerned,  the  proportion  of  nitro- 
gen in  them  diminished  regnlarly  as  the  plant  grew,  so  that  at  the 
time  of  ripening  the  proportions  were  0.79,  1,43,  and  1.74.  A 
table  showing  which  parts  of  the  plant  were  richest  in  nitrogen  at 
the  several  periods  is  given  in  "  How  Crops  Grow,"  page  212. 

Until  the  grain  begins  to  ripen,  the  leaves  an  richer  in  nitrogen 
than  the  ears;  but  during  the  process  of  ripening  a  large  quantity 
of  nitrogenized  matter  moves  ont  of  the  leaves  and  stem  into  the 
eaia,  and  from  the  lower  leaves  into  the  npper  leaves.  The  upper 
leaves  are,  as  a  rule,  richer  in  nitrogen  than  the  lower,  the  ten- 
dency of  the  albuminoids  being  always  to  press  forward  in  that 
direction.  It  is  very  noteworthy  that  about  two  filths  of  the  entire 
nitrogen  in  Arendt'a  crop  were  taken  in  between  the  time  of  flower- 
ing and  that  of  very  partinl  ripeneaa  at  which  he  made  his  foartti 
collection,  and  it  was  precisely  at  this  period  that  nearly  two  fifths 
of  the  entire  organic  matter  of  the  plant  were  produced.  But,  as  has 
been  said,  Arendt's  plants  are  known  to  be  peculiar,  in  that  they  wen 
unusually  rich  in  nitrogen,  as  was  perhaps  no  more  than  nataral,  in 
view  of  the  fact  that  tliey  were  selected  plants,  chosen  for  the  very 
reason  that  they  were  vigorous  and  luxuriant 

As  for  the  roots  of  oat  plants,  experiments  by  Stoeckhardt  have 
shown  that  they  gi'adually  become  poorer  and  poorer  in  nitrogen  as 
they  grow  older.  Thus,  in  his  crop  of  1852,  equal  weights  of  roots 
contained  aixtceu  times  as  much  nitrogen  when  young  as  when 
ripe,  and  twice  as  much  at  the  time  of  flowering  as  when  ripe. 
This  observation  shows  a  reason  far  the  well-known  fact,  that  a 
crop  grown  after  grain  that  has  been  cut  green  for  forage  doee  better 
than  that  grown  on  dry  stubble. 

Stoeckhardt  found  also,  with  regard  to  the  hnsks  of  oats  and 
other  giaina,  thst^  although  they  finally  give  up  the  greater  part  of 
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their  nitrogen  to  the  grain,  and  are  conaeqnentlj  pooter  in  that 
elemont  iu  proportion  to  their  age,  they  do  ueverthelesa  still  con- 
tain Trhen  ripe  eo  much  nitrogen  that  thej  are  at  least  as  rich  in 
that  element  as  the  leares,  and  much  richer  than  the  straw.  This 
"chaff"  is  comparatively  rich  in  mineral  matters  also,  and  the  use 
of  it  as  fodder  is  justified  by  these  facts,  to  say  nothing  of  the 
light  grain  and  seeds  of  weeds  which  ate  apt  to  remain  admixed 
with  it. 

Arendt  gives  tables  to  show  the  gain,  in  per  cent,  of  each  of 
the  proximate  coustituente  of  the  plant  in  the  several  periods,  as 
follows:  — 

OeUuloM.       rttuiiWu.    Non-Hi tng«iiii«d.    KitiognilMd. 


Also  to  show  the  proportion  of  each  ingredient  at  each  period,  as- 
suming that  the  amount  of  it  in  the  ripe  plant  is  equal  to  100  :  — 


IV.  100  100  62  eo 

V.  100  100  100  100 

Ash  ingredients  were  taken  in  by  Arendt'e  plants  continually 
until  the  grain  was  ripe,  though  the  amount  Gxed  tended  to  di- 
minish as  the  plants  grew  older,  and  it  received  a  decided  check 
towards  the  close,  when  the  cell  membranes  had  become  compara- 
tively thick  and  hard.  One  thousaud  plants  fixed  the  following 
amounts  of  ashes,  in  grams,  in  the  several  periods  ;  — 

I.  II.  III.  IV.  T. 

30.60  S3.43  30.33  20.31  7.18 

It  is  interesting  to  observe  that  these  quantities  are  not  propor- 
tional to  the  amounts  of  dry  organic  matters  formed  in  the  same 
times,  for  these  last  are:  — 

419  S73  17S  436  120 

This  want  of  relation  doubtless  depends  upon  the  fact  that  a  good 
part  of  the  ash  ingredients  of  every  plant  are  accidental  and  useless. 
The  largest  proportion  of  aabes  (10.5%)  was  found  in  the  ripe  upper 
leaves,  and  the  smallest  proportion  (2.56%)  in  the  lover  joints  of 
the  stalk  at  the  time  of  shooting. 
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The  peicentage  of  ash  in  the  ears  decreased  constantly  in  piopo> 
tion  as  the  grain  increased  in  size,  so  that  when  the  grain  was  ripe 
the  percentage  of  aeh  in  it  (2.68)  was  almost  as  low  as  the  small- 
est amouDt  observed  in  the  stem  (2.56).  Arendt  has  dwelt  st 
eome  len^h  upon  the  distribution  of  the  several  kinds  of  ash  ingre- 
dienta,  and  upon  the  times  when  they  become  part  and  parcel  of 
the  plant,  but  his  lesults  in  that  particular  have  not  been  supported 
hy  those  obtained  by  subsequent  investigators.  Indeed,  it  does  not 
appear  that  any  assured  knowledge  upon  these  points  has  been  ac- 
quired as  yet,  and  it  is  plain  that  a  crop,  accordingly  as  it  grows 
more  or  less  vigorously  at  one  time  or  another,  may  assimilate  ash 
ingredients  in  very  dil&rent  quantities,  and  at  diffeieut  stages  of 
development 

NetB  Oati  VTtfit  for  Working  fforte$. 

There  is  one  curious  point  in  respect  to  the  ripening  of  oats  that 
has  never  been  accurately  studied.  As  all  horse  keepers  know, 
new  oats  are  unfit  to  be  given  to  working  horses.  They  loosen  the 
bowels  of  the  animals,  make  their  flesh  watery,  or  "soften  them 
down,"  as  the  term  is ;  i.  e.  they  render  animals  apt  to  sweat  easily, 
and,  in  general,  put  them  "  out  of  condition."  How  or  why  the 
new  oats  produce  these  effects  is  not  known ;  but  in  the  course  of  a 
few  mouths  after  harvest,  and  especially  after  cold  weather  has  set 
in,  the  oats  undergo  a  change  of  some  kind,  either  of  aftei-ripening 
or  of  fermentation,  and  are  thereafter  fit  to  be  fed  out  to  horses. 
Probably  this  difference  between  new  and  old  oats  depends  upon  a 
change  in  the  chemical  composition  of  eome  one  peculiar,  and  so  to 
say  medicinal,  constituent  of  the  oat  grain. 

OaU  eotUain  an  Excitant  {Avtnin). 

Another  point  to  be  noticed  is  the  po^er  of  oats  to  excite  and 
enliven,  as  well  as  to  nourish,  animals  that  feed  upon  them.  It  had 
long  been  debated  whether  there  is  not  some  peculiar  chemical  sub- 
stance in  this  f^roin  possessing  medicinal  properties  to  which  this 
peculiarity  might  be  due.  This  question  has  been  studied  hy  San- 
son, in  France,  with  the  result  that  oats  are  found  really  to  contain 
an  excitant,  to  which  he  has  given  the  name  "  avenine."  It  ia  a 
substance  soluble  in  alcohol,  and  is,  as  Sanson  says,  capable  of  ex- 
citing the  motor  cells  of  the  nervous  system.  To  test  the  matter, 
he  observed,  with  the  aid  of  a  graduated  electrical  ap|>aratus,  the 
nervous  and  muscular  excitability  of  horses  before  and  after  doaea 
of  tha  avenin  bad  been  administered  to  them. 
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Curiously  enough,  lie  found  that  cnuhiDg  or  grinding  the  oaU 
considerably  weakens  their  power  of  excitation.  Probably  the  air 
works  to  destroy  the  avenin.  But  the  observation  goes  far  to  jus- 
tify the  common  practice  of  feeding  oats  whole,  in  spite  of  constant 
and  familiar  evidence  that  the  grain  is  not  completely  digested  by 
horses  when  eaten  whole.  Every  day,  poultry,  pigeons,  and  spar- 
rows may  be  seen  getting  their  living  by  picking  out  incompletely 
digested  oats  from  hoise  dung.  It  may  well  be  questioned,  how- 
ever, whether  large  consumers  of  oats  might  not  find  it  profitable  to 
crush  the  oats  immediately  before  feeding  them  out. 


CHAPTER   XX. 

ESTABLISBUEIfT  AND  UAIHTENANCB  07  HAY  HELDS. 

There  are  many  chemical  questions  relating  to  the  cultivatiou  of 
grass  and  the  curing  of  hay  which  are  still  open  foi  discussion.  It 
would  be  extremely  interesting  for  example,  to  know  precisely  what 
kind  of  land  is  best  suited  for  any  given  kind  of  grass,  and  why. 
Every  farmer  would  be  glad  to  know  what  kinds  of  grosses  are  best 
adapted  to  hia  own  particular  fields,  and  to  know  just  what  condi- 
tion the  eoU  should  be  brought  to,  in  order  to  the  utmost  economy 
of  production,  both  as  regards  fertility  and  fineness  of  tilth,  and  in 
respect  to  moisture  at  the  moment  of  sowing  and  throughout  the 

Even  the  amount  of  seed  to  be  sown  on  a  given  area  is  in  some 
sort  a  chemical  question,  since  the  plants  that  spring  from  the  seeds 
will  struggle  with  one  another  for  food,  and  will  grow  and  feed 
differently,  according  as  they  are  crowded  or  not.  The  depth  at 
which  the  seeds  should  be  buried  manifestly  depends  on  chcmiiiuL 
considerations,  — and  it  is,  by  the  way,  one  of  the  most  important 
points  that  the  grass  farmer  has  to  consider. 

How  much  and  what  kiuds  of  manure  should  be  applied  to  graiia 
lands,  and  at  what  times,  are  other  questions  of  very  great  impor- 
tance ;  and  so  is  the  question  in  how  &r  can  the  mulching  of  grass 
fields  be  made  to  supplement  the  process  of  manuring,  or  to  make 
good  a  tack  of  manure. 
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The  irhole  hiatory  of  the  growth  of  the  crop,  i  e.  the  knowledge 
of  itg  condition  and  quality  at  different  etagea  of  growth,  and  the 
finding  out  of  the  beat  possible  time  for  the  cutting  of  graaSf  are 
mattera  which  will  be  determined  ultiinatcl;  hy  the  aid  of  chemical 
investigation. 

So,  too,  with  regard  to  the  curing  of  bay,  there  are  prohlema  relat- 
ing to  the  rapidity  of  drying,  to  the  contUtion  of  dryneaa  in  which 
hay  had  beat  be  bouaed,  aud  to  the  compontive  merita  of  storing  it 
in  barns  or  in  stacka.  It  ie  atill  a  matter  of  diepute  among  soma 
farmers  whether  new-mown  grass  should  be  spr^d  in  the  sun,  or 
dried  slowly  in  ewaths,  and  windrows,  and  cocks. 

Then,  again,  how  shall  mowing  fields  be  taken  care  of,  when  once 
they  have  been  established  I  Shall  the  aod  be  broken  up  every  few 
years,  or  will  it  be  well  to  try  to  keep  the  field  in  gross  continuously 
for  generations,  as  is  sometimes  done  in  Europe ! 

For  the  sake  of  convenience,  it  will  perhaps  be  best  to  divide  the 
study  of  grass  husbandry  into  two  sections,  one  of  which  eh&U  re- 
late to  the  hay  crop  proper,  aud  the  other  to  pastures  and  the  car« 
of  them.  And  first  as  to  hay,  which  is  a  highly  important  crop 
throughout  the  Northern  United  States. 

Timothy  preferred  for  Uaji  in  America. 

In  Mew  England,  brmere  have  long  been  accustomed  to  look 
upon  timothy  (Phleum),  or  Herd's-grass  as  the  local  name  is,  m 
the  representative  grass,  and  to  hold  that  it  combines  all  the  excel- 
lences which  are  to  be  found  in  a  grass.  The  utmost  they  are  ready 
to  admit  is,  that  a  mixture  of  timothy  and  red-top  (Agroetis),  or  of 
timothy  and  clover,  may  sometimes  be  advisable.  It  is  probable, 
liowever,  that  this  notion  includes  a  considerable  amount  of  error, 
aud  that  sooner  or  later  the  discovery  will  be  made  that  there  are 
several  other  grosses  worthy  of  being  cultivated  in  this  r^on,  each 
of  them  in  the  places  best  suited  to  it.  It  would  be  indeed  strange 
if,  among  the  three  or  four  thousand  kiuds  of  grasses  now  known 
to  botanists,  there  should  happen  to  be  no  mora  than  one  or  two 
kinds  suited  to  the  climato  and  requirements  of  the  Korthem  United 
States. 

Probably  this  wellnigh  exclnslve  growth  of  timothy  is  laigely  a 
matter  of  fashion,  akin  to  the  preferences  for  Baldwin  apples  and 
Bartlett  pears  which  prevail  in  the  same  locality.  Perhaps  this 
fashion  will  die  out  in  Ume,  as  that  for  the  varieties  of  fruit  jnat 
lueutioned  assuredly  will,  to  judge  bum  post  experience  relating  to 
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other  wi«tie>  of  tFuit  thst  «6rc  formerly  esteemed  aod  an  now  ob- 
solete. It  is  noticeable,  even  now,  that  muy  pomologieta  etontty 
deny  the  suggestion  that  the  Bartlett  pear  is  a  fine  fruit.  NeveN 
theless,  it  ma^  still  be  vrell,  especially  when  speaking  to  New  Ettg- 
landers  or  to  their  descendants  in  Western  States,  to  regard  timothy, 
01  a  mixture  of  timothy  and  red-top,  as  the  uonnal  grass  for  hay. 

As  will  be  shown  directly,  timothy  has  one  great  advant^e,  in 
that  it  yields  a  very  heavy  burden  of  fairly  good  hay.  It  succeeds 
well  on  rich  loams,  even  on  peaty  loams  that  have  been  well  mixed 
with  sand  or  gravel ;  and  although  it  needs  a  fair  supply  of  moist- 
ure in  order  that  it  may  do  its  best,  it  is  still  true  that  od  occasion 
it  can  support  drought  better  than  several  other  of  the  cultivated 
grasses,  snch  as  the  meadow  foxtail  (AlopecnmB)  for  example. 
Bat  timothy  is  not  in  the  least  adapted  to  support  loi^-continned 
hardship,  such  as  insuffiuieut  food  or  permanent  lack  of  moisture, 
and  it  is  B  mistake  to  sow  it  on  land  subject  to  these  conditions. 
There  can  hardly  be  any  adequate  profit  in  growing  this  grass  on 
light  dry  laud,  where  most  of  it  will  die  out  in  the  course  of  the 
second  year. 

Mtthodt  of  prtparittg  Land  for  Grau. 

There  are  two  or  three  different  methods  of  laying  down  land  to 
gross,  from  the  consideration  of  which  some  ideas  may  be  got 
as  to  the  conditioD  in  which  grass  land  needs  to  be  kept  In  the 
vicinity  of  Boston,  the  commonest  method  is  to  till  the  soil  during 
two  or  three  years  with  hoed  crops  which  are  well  dressed  with 
manure,  and  then  to  seed  down  to  grass,  either  with  or  without  an 
addition  of  grain.  By  the  continued  tillage,  the  soil  is  well  polver- 
iied,  its  capillary  condition  is  improved,  and  the  manure  is  dis- 
tributed throughout  the  soil.  But  another  way  of  proceeding  is 
merely  to  plough  under  the  sod  of  an  old  grass  field  that  needs  to 
be  renovated,  to  work  in  some  manure,  and  to  sow  grass  seed  imme- 
diately, without  any  other  tillage  than  that  needed  to  smooth  the 
furrows,  stir  in  the  manure,  and  prepare  a  shallow  seed-bed. 

Inasmuch  as  the  chief  motive  in  breaking  np  any  old  mowing 
field  is  to  kill  or  check  wild  grasses  which  have  "worked  in,"  this 
method  of  simply  turning  under  the  sod  may  often  serve  a  fairly 
good  purpose,  particularly  on  fields  where  the  giound-wator  is  not 
too  lar  fhim  the  suriace ;  and,  if  good,  it  is  manifestly  to  be  preferred 
to  the  other  on  many  &rmB  where  hay  is  the  chief  crc^.  Wherever 
ft  &ir  profit  can  be  got  from  com,  potatoes,  roots,  or  other  hoed 
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crops,  it  would  probably  bo  best  to  iuterpoUte  Bacb  crops  between 
the  glass  crops,  accoiding  to  the  usual  method,  and  thus  charge  the 
land  with  manuie  aud  bring  it  into  a  good  state  of  fennentatioa ; 
but  it  is  none  the  less  true,  that  the  piacticee  of  most  Europeaa 
countries  where  pastures  and  mowing  fields  oie  kept  up  fai  centuries, 
and  are  the  more  highly  esteemed  in  proportion  as  they  aie  older, 
go  to  shoR  that  rotation  is  in  no  wise  essential  for  the  successful 
cultivation  of  grass. 

The  partisans  of  the  old  method  of  seeding  to  giasa  after  hoed 
crops,  justly  enough,  urge  the  importance  of  hiinging  the  land  into 
a  loose,  porous,  open  condition.  They  insist  on  fnqneut  ploughing 
as  a  preliminary  to  the  seeding  down  of  land,  and  there  can  be  no 
question  as  to  the  benefits  derivable  from  deep  and  tiionugh  tillage 
in  a  climate  ao  dry  as  ouis.  The  power  of  tilling  deeply  aad  fre- 
quently is  doubtless  one  of  the  merits  of  that  system  of  seeding  in 
which  hoed  crops  piecode  the  giasa.  But  it  ia  none  the  lees  plain, 
that  the  soil  of  many  of  the  old  European  grass  fields  and  pastures, 
on  clay  lands,  for  example,  must  be  decidedly  compact-,  — &r  more 
compact,  indeed,  than  the  soil  would  he  after  harrowing,  and  during 
the  process  of  decay,  on  a  field  where  the  sod  has  been  inverted. 

The  reproach  is  often  made,  it  is  true,  against  permanent  grass 
lands,  that  since  tillage  and  cultivation  are  notoriously  beneficial  to 
the  soil,  the  lack  of  them  must  be  hurtful,  or  at  the  least  inadvisa- 
ble. The  argument  is  urged,  that  land  which  is  never  cultivated 
cannot  be  used  to  the  best  advantage,  and  that  the  exclusion  of  til- 
lage from  any  particular  fields  can  hardly  be  consistent  with  the 
moat  profitable  use  of  those  fields ;  and  the  same  kind  of  objection 
will  apply  with  a  certain  degree  of  force  to  the  practico  of  seeding 
down  to  grass  u^Kin  an  inverted  aod.  But  it  may  be  answered  to 
this  claim,  that  it  seems  little  short  of  absurd  to  break  np  old  gnas 
fields  in  situations  not  specially  adapted  for  tillage,  —  such  as  steep, 
dry  hillsides,  for  example,  —  when  there  is  no  urgent  call  to  do  so. 
In  the  supposed  case,  ploughing  would  destroy  the  native  grasses, 
which  have  had  no  little  trouble  to  work  in  and  establish  them- 
selves, and,  by  the  terms  of  the  statement,  the  place  is  not  well 
adapted  for  timothy  or  clover. 

It  has  even  been  urged,  sometimes,  that  the  fact  that  the  amount 
of  organic  matter  (humus)  is  found  te  increase  tiom  year  to  year 
upon  permanent  meadows  is  an  indication  that  the  maintenance  of 
^uch  meadows  must  be  irrational,  nnce  it  shows  that  not  enough 
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air  can  come  to  the  aoil  properly  to  oxidize  its  ooinponeiita.  But 
there  are  seveial  adTButagea  derivable  from  permanent  mowing 
fields  that  may  much  more  than  oSaet  this  particular  objection,  and 
in  general  it  may  be  said  that  the  small  amount  of  labor  required 
for  the  maintenance  of  permanent  meadows  would  always  give  them 
precedence  if  it  were  but  posaible  to  get  from  them  as  large  crops  of 
bay  as  are  grown  upon  new  fields  immediately  after  a  yeai  or  two 
of  tillage. 

Stirring  lAt  Sod  of  Mom/ng  Fields. 

An  eTperiment  worth  trying  in  certain  cases,  when  seeding  to 
grass  on  sod  hind,  would  be  to  run  a  aubsoil  plough  through  the 
furrows  when  tbe  sod  is  turned.     By  no  doing  the  objection  as  to 
inadequate  tillage  might  be  very  mnch  weakened,  or  periiaps  wholly         > 
done  away  with.  ^ 

The  mere  stirring  of  the  sod  of  old  grass  lands  has  often  been        ^ 
found  beneficial      Thus  a  Massachneetts  farmer  reported  some 
years  since  that  he  once,  early  in  August,  ploughed  for  half  a  day  " 

an  old  sod  of  16  years  standing,  and  during  the  next  half-day  occu- 
pied himself  with  his  team  and  plough  in  turning  this  inverted         > 
sod  back  to  its  original  position,  i.  e.  grass  side  up.    During  the         - 
autumn,  the  piece  thus  ploughed  grew  green  and  strong  and  conld 
readily  be  distinguished  from  the  rest  of  the  field.     Next  year  the         : 
crop  of  bay  from  the  ploughed  patch  was  at  the  rate  of  1,300  lb.  to 
tbe  acre,  while  that  from  the  adjacent  unploagbed  land  was  at  the  ■ 

rate  of  only  600  lb.  to  the  acre.  The  good  effects  of  this  ploughing 
are  said  to  have  lasted  during  four  years.    Perhaps  a  [nrt  of  the  ' 

benefit  obtained  in  this  case  may  have  come  from  the  partial  top- 
dressing  of  earth  which  the  plough  must  have  turned  up,  and  it  may 
be  that  the  bringing  up  of  buried  seeds  and  the  pruning  of  the 
grass  roots  were  beneficial,  but  the  inference  is  tbat  the  loosening  of 
the  soil  was  the  principal  advanf-t^. 

The  question  presents  itself,  whether,  instead  of  turning  the  Boda 
in  this  way,  a  considerable  advantage  might  not  be  gained  by  run- 
ning a  subsoil  plough  directly  through  the  grass,  at  stated  intervals, 
anross  the  field.  A"Bubtnrf"  plough  has  been  invented  and  used  in 
England  for  this  purpose.  But  it  baa  been  suggested  in  this  coun- 
tryr  tbat,  by  putting  a  wheel  on  any  good  subsoil  plough  of  moder- 
ate size,  and  mnning  it  through  old  sod  to  the  depth  of  six  inches 
or  so,  very  effective  work  maybe  done  at  email  cost  for  labor,  Tbe 
proposition  was  to  make  the  cuts  12  oi  14  inches  apart  in  good 
growing  weather  in  the  spiii^ 
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It  would  probably  be  well  to  follow  tba  ploogh  with  a  smootiiing 
hoTTQw,  to  acatber  a  small  quantity  of  saed,  and  to  roll  lightly.  Ths 
plan  deserves  to  be  tried  on  fields  that  have  been  so  long  in  gnm 
that  there  ia  danger  of  the  crops  becoming  "  bound  out,"  as  the  tenn 
is ;  for  it  Boems  pbin  that  any  process  of  cultivation  that  can  ena- 
ble the  Boil  to  hold  water  to  advantage,  so  that  the  crop  may  better 
withstand  summer  droughts,  must  be  good  for  grass.  Thero  must 
be,  in  this  souse,  many  fields  where  ordinary  aubsoO  ploughing 
could  be  resorted  to  with  advant^e,  just  as,  on  the  other  hand,  then 
are  clay  soils  where  the  cost  of  tile  drains  would  be  repaid  by  the 
iucreaaed  yield  of  grass. 

Spring  or  Aittuvut  Stedi»ff. 

The  practices  of  fkrmers  in  Massaohusetta  with  regard  to  the 
seeding  of  grass  fields  have  changed  considerably  during  the  last 
fifty  yeaiB.  Formerly  the  spring  was  esteemed  to  be  the  best  sear 
son  for  sowing  grass  seed,  and  this  notion  still  persists  in  Maine. 
But  nowadays  late  August  or  early  September  ia  very  much*  pre- 
ferred by  most  formers  in  Massachusetts,  eicefAing  some  ezposed 
situations  upon  the  seaboard,  whore  then  is  little  or  no  snow  in 
winter.  Probably  the  spring  would  bo  the  best  season  for  sowing 
grass  seed  if  it  were  not  for  the  summer  droughts,  which  "  bom 
off"  the  young  grass,  as  the  term  is,  and  encourage  a  great  growth 
of  weeds  that  check  it. 

It  may  be  questioned  whether  this  change  from  spring  to  autumn 
sowing  in  Massachuaetta  may  not  be  coincident  with  a  general  dry- 
ing up  of  the  soils,  aud  the  more  frequent  prevalence  of  summer 
droi^hts  nowadays  than  formerly.  Many  parts  of  Mune  are  still 
well  wooded,  and  much  of  the  soil  in  that  State  is  moist  enough 
not  to  suffer,  except  in  times  of  long  continued  dry  weather.  The 
much  greater  abundance  of  weeds  upon  land  that  has  long  been  cul- 
tivated, than  on  land  that  has  recently  been  reclaimed  from  the 
forest,  is  doubtlesa  in  itself  one  reason  why  spring  sowing  is  less 
esteemed  in  the  older  State  than  it  used  to  be.  But  in  many  parts 
of  Maine  the  Istid  must  be  still,  comparatively  apeakin^  new,  and 
free  from  weeds  in  somewhat  the  same  measui& 

On  heavy  clay  laud  that  is  not  properly  drained,  it  is  said  to  be 
best  to  sow  grass  in  the  spring ;  for  with  such  moist  land  the  risk  of 
burning  off  the  young  grass  ia  small,  and  thero  ia  very  great  dan- 
ger that  the  young  grass  plants  would  be  winter-killed,  through 
"  heaving "  of  the  land,  if  the  seeds  were  sown  in  autumo. 


jbvGooglc 


8EEDIKG  TO  GBASS  WITH  GEAIS.  413 

Sowing  of  Gran  with  Grain. 

It  was  ciutomEtTy  formerly  to  sow  always  aome  kind  of  grsia 
with  the  grau  seed,  whereas  nowadays  grass  is  very  often,  perhaps 
most  commonly,  laid  down  by  itself  without  any  admixture  of  gnhi. 
Wheat  and  barley  warn  most  esteemed  among  the  grains  for  this 
pnrpoee,  and  oats  least  of  all,  though  oats  would  probably  do  well 
enough  if  they  were  sown  thin.  Some  people  in  the  mora  north- 
erly States  sow  peas  with  their  grass  seed,  and  there  are  others  who 
seed  down  in  late  summer  and  mix  a  small  quantity  of  turoip  seed 
with  the  grass  seed.  In  that  way  they  often  get  a  good  crop  of 
tnrnipa,  without  (as  they  claim)  much  injury  to  the  yonng  grass. 
In  the  vicinity  of  cities,  where  there  is  almost  always  a  quick  de- 
mand for  straw,  rye  ia  probably  the  beat  grain  to  bow  with  grass, 
though  in  the  vicinity  of  Boston  there  is  a  noticeable  tendency 
nowadays  to  sow  rye  by  itself  and  grass  seed  by  itself  without  any 
admixture.  One  motive,  probably,  is  to  get  auperezcellent  straw, 
fne  from  any  admixture  of  grass  leaves. 

Undoubtedly  the  question  of  sowing  grain  with  grass  is  chiefly 
an  economical  question.  In  spite  of  all  that  has  been  said  and 
written  about  the  grain  plants  sheltering  the  youog  grass,  and 
enabling  it  to  "catch"  well,  it  would  seem  that,  in  so  far  as  the 
men  grass  crop  is  concerned,  grain  most  do  more  harm  than  good 
when  sown  at  the  same  time  as  the  grass.  But,  on  the  other  band, 
if  the  fhnner  wishes  to  grow  any  grain  on  his  farm,  it  will  usually 
be  found  most  convenient  to  get  a  crop  of  it  with  the  grass,  even 
if  it  be  somewhat  at  the  expense  of  the  grass,  since  there  will  be  a 
great  saving  of  tabor  in  preparing  the  land  and  a  real  economy  of 
land ;  fbr  when  the  grain  is  harvested,  and  sunlight  is  thereby  let 
in  upon  the  grass  plants,  they  are  ready  and  waiting  to  grow  up 
and  yield  a  stubble  crop  in  the  autumn.  But  a  crop  like  this,  well 
established  upon  the  land,  is  a  much  more  satis&ctoiy  result,  than  a 
bare  stubble  field  that  needs  to  he  dealt  with  at  a  busy  season. 

One  advantage  gained  by  growing  grain  and  grass  together  is, 
that  the  supply  of  grain  needed  by  a  household  con  be  got  by  culti- 
vating only  a  small  area  of  land.  For  example,  if  grass  seed  was 
sown  by  itself,  and  oate  were  sown  by  themselves,  aa  much  as  18 
acres  of  land  in  all  might  be  needed  each  year.  But  the  desired 
amount  of  oats  can  readily  be  got  by  cultivating  no  more  than  12 
acres  devoted  to  the  mixed  crop. 

The  hat  ia  simply,  that,  when  the  formers  of  S«w  fjigland  giew 
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their  ovn  grain,  they  sowed  it  vith  tlieir  grass  eeed.  Noir  that 
the;  find  it  cheaper  to  buy  grain  &om  the  Wetit,  they  commonly 
sow  grass  by  itsedf.  Or,  stated  in  somewhat  different  words,  the 
grftss  crop  has  now  become  Telatively  so  valuable  in  this  section  of 
the  country  that  it  pays  beat  to  cultivate  it  solely  for  its  own  sake, 
and  to  exclude  all  methods  of  cropping  or  tillage  that  would  be 
likely  to  interfere  with  the  growth  of  the  grass. 

The  sowing  of  grain  with  grass  seed  has,  of  course,  a  certain 
analogy  with  the  sowing  of  a  mixture  of  different  kinds  of  grass 
seeds,  which  is  a  practice  that  is  very  genarally  and  very  properly 
upheld.  And,  again,  this  idea  of  mixed  seeds  is  somewhat  akin  to 
that  ailicle  in  the  theory  of  the  rotation  of  crops  which  depends 
upon  the  fact  that  different  kinds  of  plants  feed  differently,  both 
with  regard  to  their  power  of  taking  subetsnoee  from  th«  soil,  and 
OS  to  the  kinds  of  substances  they  take,  or  rather  as  to  the  times  at 
which  they  take  them.  The  methods  of  growth  of  grass  and  clover, 
for  example,  are  so  unlike,  that  the  two  plants  can  prosper  side  by 
side  without  greatly  interfeiing  with  each  other,  and  it  is  easy  to 
believe  that  a  grass  which,  like  orchard  grass,  tends  to  grow  in  tufts, 
might  well  have  some  companion  to  grow  with  it  in  the  inter- 
It  is  said,  indeed,  that  the  tsll  oat-grass  (French  ray-grass  =  Fee- 
tuca  elatior)  is  sometimes  grown  at  the  West  in  conjunction  with 
orchard-grass.  Both  these  grasses  grow  rapidly,  and  ripen  eaily  in 
the  season ;  they  may  be  advant^eonsly  cut  at  the  seme  time,  and 
on  strong  rich  soils  they  yield  a  good  aftermath,  or  even  sometimes 
two  crops  of  rowen.  But  if  the  oat-grass  can  thus  grow  in  the  inter- 
spaces, why  not  onts,  or  some  other  of  those  kinds  of  grass  that  are 
commonly  called  gruna  t 

There  is,  indeed,  small  room  to  doubt  that  there  are  some  advan- 
tages which  tend  to  counterbalance  the  disadvantages  of  growing 
grass  and  grain  together.  Hence  the  conclusion  that  the  growing 
of  grain  with  gross  is  clearly  admissible  in  many  cases.  One  trouble 
may  be  that  grain  saps  the  surface  soil  too  much  at  the  very  time 
when  the  young  grass  plants  have  most  need  of  abundant  food  in 
order  that  they  may  become  firmly  rooted.  Moreover,  the  grain 
plante  must  steal  water  from  the  young  grass,  as  well  as  food,  when 
the  two  kinds  of  seeils  are  sown  together.  These  difficulties  are  in 
some  measure  avoided  hj  sowing  the  grass  seeds  in  ths  spring  on 
winter  grain  that  has  already  started  to  grow,  as  will  be  shown 
directly. 
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Grot*  Seed*  mmd  not  be  deeptf  buried. 

As  to  the  methods  of  sowing  grass  seeds,  experienca  teacbes  very 
emphatically  that  the  seeds  should  not  be  buried  deeplj  in  the 
earth.  Laige-sixed  seeds,  like  peas,  and  maize,  beans,  lupines,  and 
the  like,  may  be  buried  pretty  deeply  without  much  harm.  They 
contaiu  a  sufBcient  supply  of  nourishment  to  carry  the  sprout 
happily  through  a  considerable  layer  of  earth  ;  but  little  seeds,  like 
glass  seeds,  have  oo  such  power,  and  there  is  great  danger  of  loaiag 
them  altogether  if  they  ore  deeply  co-vered. 

It  is  true  in  general,  that,  wheraver  seeds  can  be  kept  properly 
moistened,  they  should  not  be  buried  deeply,  and  this  both  because 
the  seeds  need  air,  and  because  of  the  risk  of  placing  too  many 
impediments  in  the  way  of  the  young  shoot.  The  distance  throng 
which  the  shoot  must  pass  in  order  to  get  aboye  ground  should 
be  as  short  as  possible,  in  order  that  the  store  of  oourishmeDt 
in  the  seed  may  not  be  wholly  expended  in  the  struggle  with  the 
layer  of  earth  above  the  seed.  Some  of  this  store  of  nourishment 
is  needed  to  establish  the  youi^  plant  firmly  after  it  has  reached 
the  air. 

One  of  the  commonest  ways  of  sowing  white  clover  is  to  scatter 
the  seed  upon  the  laat  enow  that  falls  in  the  spring,  and  leave  it  to 
take  root  upon  the  auHoce  of  the  wet  soiL  Grass  seed  is  sometimes 
sown  in  the  same  way,  and  there  seems  to  be  little  doubt  that  it 
would  be  a  highly  successful  way,  if  the  seed  and  the  surface  soil 
could  but  be  kept  continuously  moist  while  the  seeds  were  germi- 
nating and  the  young  plants  were  striking  root.  Clover  ia  said  to 
do  specially  well  when  sown  on  snow,  provided  it  has  not  been 
threshed  and  winnowed,  but  left  in  the  husks,  so  that  moisture  can 
the  better  be  retained  upon  it.  The  very  fact  that  grass  seed  can 
germinate  and  grow  under  these  conditions  points  of  course  to  the 
conclusion  that  there  is  small  need  of  burying  it  deep  in  the  earth. 
But  there  are  plenty  of  methodical  experiments  which  show  directly 
that  deep  burying  is  not  only  unnecessary,  but  hurtful  to  the  lost 
degree  ;  end  the  same  lesson  is  enforced  by  the  enormous  number 
of  grass  seeds  that  formera  are  in  the  habit  of  sowing  upon  the  acre 
of  land.  Very  little  figuring  is  required  to  show  that  a  large  pro- 
portion of  the  seeds  sown  never  come  to  any  good,  and  the  conclu- 
sion lies  near  at  hand,  that  most  of  the  missing  individuals  have 
been  buried  beyond  all  hope  of  recovery. 

Aa  was  just  now  intimated,  then  voold  be  little  need  of  covering 
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grass  seeds  at  all,  if  the  young  pknta  could  but  be  shielded  £rom 
winds  at  the  moment  of  starting,  and  the  surface  of  the  ground  be 
kept  moist  during  the  germination  of  the  seeds  and  until  the  young 
plants  were  firmly  eatablished.  But  in  practice  it  is  comnwnly 
necessary  to  give  the  seeds  a  slight  covering  of  earth,  in  order  that 
they  may  not  become  dry,  and  that  the  yonng  plants  may  bare 
such  a  hold  upon  the  earth  from  the  beginning  that  the  wind  can- 
not throw  them  about  in  every  direction,  and  loosen  their  conneo- 
tions  with  the  soil. 

MHkod*  of  Sowing  Oratt, 

In  this  vicinity  the  common  method  of  proo«dara  is  to  hmdt  in 
grass  seed,  oi  to  harrow  it  in  very  lightly,  and  then  roll  the  eazbo» 
of  the  land  smooth.  Some  farmera  prefer  a  light  plank  dng  or 
"  smoother,"  which  is  drawn  rapidly  over  the  ground  with  a  pair  ot 
horses.  But  neither  brushing  nor  harrowing  is  necessary  to  burj 
the  seed  in  case  a  proper  seed-bed  can  be  prepared  in  the  first  pUca. 
When  this  can  be  done,  the  mere  process  of  rolling  or  of  "plank- 
ing" is  all-eufficient,  both  for  burying  the  seed  and  "firming"  the 
soil ;  though  there  are  many  fields,  of  course,  too  rough  or  stony 
tor  the  roller  or  the  plank  to  do  good  work,  where  a  brush  banow 
will  need  to  be  used. 

When  all  the  conditions  are  favorable,  a  good  way  of  sowing 
grass  seed  would  be  somewhat  as  follows.  Starting  with  land 
that  has  just  been  ploughed,  it  might  be  harrowed  across  to  smooth 
it  somewhat,  then  dressed  with  manure,  and  harrowed  to  woi^  in 
the  dung ;  then  bushed  again  aud  agun,  if  need  be,  or  worked  with 
a  smoothing  harrow  until  a  thoroughly  smooth  and  even  sur&oe  has 
been  obtained.  Upon  this  perfect  seed-bed  the  grass  seed  is  sown 
and  rolled,  or  planked  in,  as  was  said ;  or,  if  tha  roller  be  inadmis- 
sible, the  seed  may  bo  covered  in  with  a  light  bosh.  The  msia 
point  is  to  smooth  the  land  completely  befoi«  tha  seed  is  strewn, 
so  that  none  of  it  may  be  buried  too  deeply. 

The  process  of  rolling  or  planking  has  the  very  great  merit  of 
bringing  the  seeds  and  the  soil  into  intimate  contact  with  each 
other.  Thanks  to  the  compaction  of  the  soil,  moisture  can  rim 
in  it  by  capillary  attraction  to  the  very  sur&ce,  and  both  the  soil 
and  the  seeds  ate  kept  moist  enough  for  the  latter  to  sprout.  Many 
little  clods  are  crashed  by  the  roller  or  the  drag,  and  tfas  soil  and 
seeds  are  duly  mixed.  All  this  beside  the  merely  mechanical  ad- 
Tantage  of  making  ttte  Sdd  stnooth,  aod  fit  foe  tba  pAMtgv  of  ib»w- 
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ing-mocbmefl,  scythes,  and  rakes.  Of  course  tb»  loUsr  would  not 
b»  used  milees  the  land  weie  aufSciently  drj  fbi  it 

When  grain  ia  to  be  sown  in  conjunction  with  grass,  the  opera- 
tions will  need  to  be  carried  out  iu  a  somewhat  difieient  way  irom 
those  just  described,  for  the  grain  should  be  buried  deeply  eaough 
to  protect  it  from  the  ravsges  of  birds,  and  to  hinder  those  of  mice 
and  squinels.  Grass  seeds  are  so  small  that  there  is  compantively 
little  risk  of  their  suffering  in  this  way,  and  after  the  icller  hu 
passed  over  them  they  cannot  be  blown  away. 

In  laying  down  laud  to  gross  with  grain,  it  would  be  but  natural 
to  try  to  save  as  much  trouble  as  possible.  An  ignorant  person 
night  try  to  have  the  two  kinds  of  seeds  scattered  simultaneously, 
and  might  then  hsnow  the  land  deeply  enough  to  oover  the  grain 
completely.  But  this  method  of  procedure  would  be  inadvisable, 
because  the  small  amount  of  labor  saved  would  not  compensate  for 
the  grass  seed  that  would  be  destroyed  by  the  deep  burying  of  it 
An  uneren  stand  of  grass  would  be  obtained,  moreover,  which 
would  be  uneconomical  There  can  be  little  doubt  that  a  good  part 
of  tbe  ill  repute  in  which  the  plan  of  seeding  grass  with  grain  ia 
now  held,  realty  depends  on  the  results  of  vicious  practices  which 
were  formerly  employed,  without  any  just  conception  of  their  bear- 
ings and  effects. 

Nowadays,  the  best  farmers,  when  seeding  down  grass  with  grain, 
take  care  to  avoid  tbe  risk  of  losing  grass  seed  by  sowing  the  grain 
by  itself  in  the  first  place,  and  harrowing  it  in  before  they  scatter 
the  grass  seed.  The  operation  remains  very  much  as  was  just  now 
described  for  grass  alone,  with  the  exception  that  the  grain  is  sown 
before  the  field  has  been  mode  completely  smooth,  so  that  the 
trouble  of  harrowing  in  the  grain  amounts  to  nothing,  inaemnch  as 
it  represents  one  step  in  the  process  of  smoothing  the  field  for  the 
grass. 

In  the  moist  climate  of  Scotland  a  different  method  is  adopted. 
Thus,  upon  &rms  in  the  immediate  vicinity  of  Edinburgh,  at  the 
present  day,  "  Grass  seeds  are  generally  sown  along  with  the  bar- 
ley crop.  When  barley  has  been  put  down  early,  the  grass  seeds 
are  sown  after  it  has  come  up  well,  because,  if  they  are  put  in  at  the 
same  time,  the  grass  gets  to  be  too  profuse  by  harvest  time,  and 
causes  great  difficulty  in  securing  the  drying  of  the  sheaves  tor 
the  stock.  In  a  favorable  season  sowing  begins  by  the  middle  of 
ApziL    Nowadays  tks  saed  ia  slmoat  univosally  depeshed  1^  a 
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drill  16  or  18  feet  wide,  and  is  covered  in,  either  by  e,  vety  light 
stroke  of  the  harrow,  or  by  a  tura  with  the  roller.  The  latter  plan 
is  maiuly  adopted,  and  is  to  be  recommended  because  the  nearer 
small  seeds  are  to  the  sor&ce  the  better." 

In  this  country  alao,  a  common  modem  method  of  sowing  grass 
is  to  harrow  winter  grain  in  the  spring,  strew  the  grass  seed,  and  go 
over  the  field  with  a  roller.  This  method  has  undoubted  merit,  and 
the  more  particularly  becanae  the  harromng  helps  the  growth  of  the 
giaio.  The  idea  is,  that  if  wheat  or  rye  is  harrowed  in  the  spring, 
as  soon  as  the  ground  is  dry  enough  to  bear  a  team,  the  crust  upon 
the  surface  of  the  land  is  broken,  and  many  small  weeds  are  de- 
stroyed while  the  grain  plants  get  a  start.  It  is  said  that  on  grain 
alone  some  formers  repeat  the  harrowing  (using  a  smoothing  harrow) 
every  week  or  two  until  the  plants  are  a  foot  high. 

There  is,  withal,  another  point  to  be  considered.  When  grass  is 
sown  on  grain  in  the  spring,  the  competition  between  the  two  crops 
must  be  much  less  keen  than  when  grain  and  grass  are  sown  to- 
gether in  the  autumn.  For  when  eown  in  autumn  both  crops  will 
pass  into  the  root-striking  stage  simultaneously,  and  in  the  eame 
layer  of  soil,  and  it  would  seem  that  they  must  necessarily  tend  to 
steal  food  from  each  other.  But  in  the  spring  the  groin  roots  are 
already  developed  before  the  grass  b  sown,  and  they  have  in  good 
part  grown  down  out  of  the  surface  soil,  so  that  the  young  grass 
plants  find  an  empty  room,  comparatively  speaking,  and  they  have 
a  fair  chance  to  develop  their  system  of  roots  without  material  hin- 
drance at  a  time  when  the  grmn  plants  are  shootii^ 

Under  these  conditions,  indeed,  the  grass  seeds  nay  have  an  ex- 
ceptionally good  chance  to  germinate,  since  the  shade  cast  by  the 
grain  tends  to  keep  the  surface  of  the  ground  cooler,  damper,  end 
less  Bubject  to  sudden  changes  of  weather,  than  it  would  be  if  no 
crop  were  growing  upon  the  laud,  and  the  dew  also  which  trickles 
down  the  grain  plants  goes  to  help  the  young  grass.  Under  the 
shadow  of  the  grain  crop  there  will  be  much  less  riak  of  the  young 
grass  pl&nta  burning  off  during  any  short  spell  of  dry  weather,  than 
there  would  be  if  they  were  fully  exposed  to  the  sun  and  wind. 
But  when  once  the  grass  crop  has  become  firmly  established,  then  the 
shade  of  the  grain  must  be  injurious  to  it,  and  when  the  grass  roots 
have  penetrated  far  enough  to  compete  with  those  of  the  grain  for 
water  and  for  food,  then  each  of  the  crops  must  do  more  or  less  in- 
jury to  the  other.     Practically,  however,  the  grain  will  be  ripening 
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off,  or  oveo  be  cat  down  and  Temoved,  before  much  harm  can  be 
done  to  it  or  by  it  in  the  competition. 

£^>erimeni*  with  buried  Grau  Seed*. 

tbntion  may  here  be  made  of  some  of  the  details  of  methodical 
experiments  which  have  been  carried  out  irith  regard  to  the  proper 
depth  of  buiying  grass  seeda.  Hofihiann's  experiments,  cited  ia 
"  How  Crops  Grow,"  p.  317,  show  that  clover  will  not  germinate, 
even  nnder  conditions  that  are  ia  other  respects  favorable,  when 
baried  more  than  3  or  4  inches.  The  grains,  on  the  other  hand, 
came  np  from  a  depth  of  8  inches,  and  peas  and  corn  from  a  depth 
of  10  inches.  All  the  kinds  of  seeds  that  were  tried  by  Hoffmann 
perished  at  12  inches.  Experiments  by  Lawson  showed  that  grass 
seeds  need  only  a  very  light  covering  of  earth.  From  nothing  to 
one  quarter  or  half  an  inch  fae  found  to  be  the  best  depth.  Some 
kinds  of  seeds  did  not  come  up  at  all  when  bnried  a  single  inch, 
and  few  kinds  came  np  at  all  when  buried  two  inches. 

A  German  experimenter,  Jessen,  who  tried  many  kinds  of  grasses, 
has  corroborated  the  results  of  Lawson.  With  timothy  seed,  for 
example,  he  found  that  less  than  half  the  number  of  seeds  sown 
half  an  inch  deep  came  up  either  in  loam  or  in  sand,  while  all 
the  eeeds  grew  when  they  were  sown  0.06  inch  deep.  Orchard- 
grass  did  even  worse  than  timothy,  i.  e.  the  percentage  of  seeds  lost 
by  burying  was  gnater.  The  general  conclusion  drawn  from  those 
experiments  is,  that  gntsa  and  clover  bad  best  be  buried  no  deeper 
than  0.03  in.  on  heavy  land,  and  from  0.1  to  O.IS  in.  in  sandy  loam. 
In  good  medium  loam  they  may  ba  bnried  0.05  in.  in  a  moist  sea- 
son, and  0.1  in.  in  a  dry  time.  The  grains,  on  the  contrary,  should 
be  bnried  about  -^  of  an  inch  deep  in  heavy  land,  and  -fy  of  an  inch 
deep  in  sandy  loam.  In  loam  of  medium  quality  ^  of  an  inch  will 
be  a  good  depth  in  moist  weather,  and  ^  of  an  inch  in  dry  weather. 

In  very  dry  situations,  however,  it  may  be  best  to  sow  grain 
rather  deeper  than  this,  as  the  following  experiments  of  Hosaeus  go 
to  show.  He  operated  in  dry  autumn  weather  on  a  light  soil  that 
dried  out  very  easily.  Parcels  of  wheat,  each  containing  100  grains, 
were  sown  at  various  depths  on  separate  beds  on  the  6th  of  October, 
the  day  after  a  heavy  rain,  and  the  numbers  of  living  plants  were 
counted  on  the  18th  and  25th  of  October,  the  6tb  of  November, 
and  the  10th  of  December.  From  the  5th  to  the  19th  of  October 
'the  weather  was  warm  and  dear,  with  cool  nights  and  much  dew ; 
from  the  19th  to  ttie  2Sth  of  October  it  woe  cold  and  rainy,  and 
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from  the  25tb  of  October  to  the  6th  of  November  contimioiis  dry 
weather.  Thereafter  the  weather  was  changeable,  with  but  littls 
rain.  The  trials  were  in  duplicate,  as  stated  in  the  table.  It  ap- 
peared that  for  so  light  a  soil  in  dry  weather  a  depth  of  from  }  of  an 
inch  to  an  inch  was  best  for  wheat.  The  shallow  seeding  of  ^  inch 
gave  somewhat  lees  satisfactory  reeulta. 

Dmthatwblchllia 
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Ileauy  or  Light  Seeding  t 
The  certainty  of  loss  when  grass  seeds  are  buried  too  deeply  ex- 
plains why  it  is  that  many  excellent  fanners  are  in  the  habit  of 
Bowing  what  seems  to  be  a  very  large  number  of  seeds  upon  the 
acre  of  land.  In  &ct,  the  amount  of  seed  that  had  beat  be  sown  is 
a  question  which  has  been  mnch  debated.  There  are  many  feimera 
who  beliere  that  the  besetting  sin  of  New  England  is  to  sow  too 
lightly  for  grass ;  while  others  think  that  what  is  known  as  heavy 
seeding  is  mere  folly  and  ignorance.  As  matters  have  stotxl  hitherto, 
the  advocates  of  heavy  seeding  have  probably  been  more  nearly 
right  than  their  opponents,  for  it  is  plain  that,  if  all  the  seeds  that 
fall  into  cisoks  and  holes  in  the  land  are  to  perish,  as  well  as  all 
those  that  happen  to  be  buried  under  clods  or  the  like,  there  must 
be  a  large  allowance  made  for  contingencies.  How  laige  this  allow- 
ance commonly  is  in  this  vicinity  may  bo  seen  by  consulting  Mr. 
Flint's  "  Treatise  on  Grasses."  About  10  seeds  to  the  square  inch, 
as  he  computee,  are  commonly  sown,  while  no  more  than  2  or  3 
grass  plants  are  grown  to  the  inch,  and  often  not  so  many.  In 
other  words,  it  may  be  eud  that  some  2,200  seeds  to  the  square  foot 
are  commonly  sown  by  the  beet  farmers  in  Uassachnsetta,  while  or- 
dinary pasture  Bod  contains  only  some  300  to  900  plants  to  the 
foot.    Some  very  lidi  old  pastures  contain  1,000  plants  to  tlw  fbet, 
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and  aa  many  as  1,800  planto  to  the  foot  bavo  be»n  iband  in  the  aod 
of  a  BupeilatiTely  excallsnt  irrigated  meadow. 

Some  allowance  has  to  be  made,  of  conne,  fur  bad  seed ;  bat  the 
probabilitiee  are  that  mtiob  mon  seed  baa  been  sown  hitherto  to 
the  acre  tbau  would  be  proper  if  all  the  practices  were  perfect. 
Clearly,  there  should  be  leas  need  of  seeding  heavily  nowadays  than 
there  was  formorly,  since  much  greater  pains  are  now  token  to  Bmooth 
off  the  land  before  seeding  it,  and  especially  since  the  seeds  ate  rolled 
in,  or  at  the  most  lightly  brushed,  instead  of  being  harrowed. 

Nevertheless,  it  must  never  be  forgotten  that  the  infant  plant,  ss 
well  as  the  new-bom  fiah,  is  subject  to  many  calamities.  Mr.  Dar- 
win took  pains  to  mark  oil  the  seedling  weeds  that  came  up  on  tt 
plot  three  feet  by  two,  which  bad  been  dug  over  and  cleared  so  that 
there  could  be  uo  choking  from  other  plants,  and  be  found  that  out 
of  357  little  plants  that  came  up  no  less  thou  295  were  destroyed, 
chieSy  by  slugs  and  insects.  This  result  empbosizea  th»  importance 
of  liming  land,  aa  is  often  dons  in  England,  merely  for  the  pnrpote 
of  clearing  it  of  snch  pests  aa  these. 

Instead  of  seeding  heavily  with  one  kind  of  graaa,  and  seeking 
in  this  way  to  overcome  all  opposition,  it  would  seem  to  be  best  to 
devote  one's  energies  to  preparing  the  land  so  thoroughly  that  it 
nay  hold  a  great  store  of  moisture  for  the  snpport  of  tlie  crop,  to 
careful  seeding,  and  to  the  sowing  together  of  two  or  more  kinds  of 
well-choeen  seeds.  There  is  no  real  difficulty  nowadays  iu  obtain- 
ing from  seedsmen  as  large  a  variety  of  groases  as  one  may  wish  to 
grow. 

Winttr-kiUiMff  of  Gran. 

One  great  trouble  in  respect  to  grass  in  the  climate  of  New  Eng- 
land is  to  have  the  young  crop  "get  a  good  catch,"  as  the  term  is; 
that  is  to  say,  to  have  the  young  plants  well  started  and  firmly 
established.  Against  this  desideratum,  both  the  winter's  cold  and 
the  snmmer's  beat  work'vary  emphatically.  There  is,  upon  the  one 
band,  the  danger  that  tbe  young  gresa  that  has  been  sown  in  the 
antomn  or  late  summer  will  be  "  winter-killed,"  and,  on  the  other, 
a  nearly  equal  risk  that  the  young  gmss  will  be  "  burnt  off"  by 
the  sun's  heat  in  times  of  drought,  both  in  the  autumn  ami  in 
tbe  summer. 

It  is  not  so  ntnch  the  cold  of  winter  that  hills  grass,  as  the  £raefi- 
ing  and  thawing  weather  of  spring.  Even  when  a  winter  is  open 
and  Aee  from  snow,  yonng  gisM  that  woa  sown  in  tha  nttumn  mi^ 
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be  aeen  looking  very  well  as  I&te  as  Febniaiy,  and  yet  perish  mu- 
eiably,  for  the  most  part,  between  that  time  and  ApriL  It  is  gen- 
erallj  recognized  that  steady  cold  weather  does  comparatively  little 
harm  to  grass,  even  in  the  absence  of  snow ;  and  that  it  ie  processes 
of  repeated  freezing  and  thawing  that  do  mischiei;  by  continually 
expanding  and  heaving  up  the  sorfiice  soil,  and  so  stretching  and 
tearing  the  grass  roots.  This  view  is  tindonbtedly  correct ;  but  it 
is  none  the  less  true  that  extreme  cold  is  of  itself  hurtAil  to  some 
of  the  better  kinds  of  grasses,  especially  when  the  plants  are  yonng. 
Grass  6eld8  upon  exposed  hillaides  and  ridges,  where  the  winter 
winds  have  full  sweep,  are  extremely  liable  to  soffer  &om  winter- 
killing, even  when  the  weather  is  so  cold  that  there  is  little  or  no 
chance  for  alternate  fieezing  and  thawing. 

On  the  other  hand,  young  grass  suffers  seveiely  upon  fields  that 
are  so  flat  that  rain-water  can  stand  in  puddles  upon  the  land  aiW 
the  earth  has  frozen.  Here  the  chief  trouble  seems  to  b^  that, 
when  the  water  in  the  puddles  freezes,  the  ice  encloses  the  grass 
stems  and  pulls  them  up,  or  teais  them  from  the  rocte  as  it  ex- 
pands. Low  and  undrained  land  is  commooly  worse  in  this  respect 
than  flat  upland,  chiefly,  perhaps,  because  there  is  more  time  for 
this  kind  of  action  to  occur  upon  it ;  for  after  the  ground  has  once 
frozen  in  our  climate,  there  is  small  chance  for  the  soaking  of  water 
through  it,  no  matter  how  good  the  dcainage  may  be  in  spring  or 
summer.  Of  course,  the  winter  is  apt  to  begin  a  little  earlier  in 
the  low  land,  and  to  last  there  longer  than  on  the  lidges,  and  the 
continued  wetness  and  coldness  of  the  low-lying  land  in  the  spring, 
after  the  frost  has  left  the  ground,  may  work  against  the  recovery 
of  any  grass  that  has  been  crippled  during  the  winter. 
Stiiow  proteeti  QratB. 

When  the  ground  is  thoroughly  covered  with  snow  during  the  win- 
ter, but  little  grass  is  winter-killed ;  and  it  was  a  common  saying 
formerly  in  New  England,  that  hay  would  naturally  be  abuudont 
and  cheap  after  a  winter  of  frequent  and  enduring  snows.  Indeed, 
in  most  cold  countries,  a  good  depth  of  snow  is  thought  to  be  highly 
beneficial  to  the  farmer,  by  protecting  grsss  and  grain  fhtm  soveie 
spells  of  weather. 

The  snow  is  at  its  best  when  it  lies  light  and  loose,  snd  evenly 
upon  the  land.  After  it  has  been  exposed  to  long-continued  odd, 
and  particularly  when  solidified  by  processes  of  alternate  thawing 
and  freezing  snow  shrinks  in  upon  itself,  and  loses  much  of  its  pn>- 
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tective  power.  The  mon  nearly  a  bed  of  snow  resembles  ice,  so 
much  the  deeper  will  the  soil  beneath  it  &eeze  in  cold  weather.  A 
oOTeiiog  of  ice  is  bad  for  grass,  aa  may  be  seen,  for  example,  almost 
any  winter  in  Boston  in  the  yards  on  the  shady  (north)  fronts  of 
dwelling-houses.  It  will  be  noticed  that  in  these  yards  the  ground 
freezes  deeply  beneath  the  ice  which  covere  the  aurface  ia  late  win- 
ter, and  that  the  grass  is  often  destroyed  wellnigh  completely.  Un- 
doubtedly this  grasa  is  exposed  to  a  low  decree  of  cold,  but  it  would 
seem  also  that  the  thick  layer  of  compact  ice  must  actually  smother 
the  plants  by  preventing  any  tur  from  coming  in  contact  with  them. 
It  is  true,  even  of  hibernating  plants,  that  processes  of  life  go  on 
within  them,  and  that  the  plants  need  to  breathe  in  seme  oxygen 
and  expire  some  carbonic  acid.  It  has  been  noticed  iu  the  moun- 
tainous parts  of  Europe,  that  fields  of  winter  grain  are  apt  to  sufier 
injury  when  the  land  remains  too  long  covered  with  very  deep  beds 
of  snow ;  and  it  has  been  argued  in  this  case  also,  that  the  iitjury 
to  t^e  crop  is  caused  by  the  lack  of  light  and  air. 

lu  any  event,  ice,  though  commonly  accounted  a  bad  conductor 
of  heat,  can  hardly  be  compared  with  snow  in  this  particular ;  for, 
as  it  occurs  in  the  fields,  the  loose,  light-lying  snow  encloses  a  large 
amount  of  air  in  its  interstices,  and  this  air,  being  an  excellent  non- 
conductor  of  heat,  tends  to  prevent  the  escape  of  heat  from  the  soil, 
and  greatly  hinders  the  penetration  of  frost.  The  ground  uanally 
freezes  to  a  mnch  greater  depth  in  snowleaa  winters  than  in  those 
when  snow  abounds.  It  has  been  reported  of  the  region  about 
Lake  Superior,  where  more  or  less  snow  falls  almost  every  day 
during  the  winter,  and  the  accumulation  of  it  ia  enormous,  that 
the  first  fall  uanally  occurs  before  the  gronnd  baa  frozen,  so  that 
the  soil  is  protected  from  frost  to  a  remarkable  d^pne.  Vegetables, 
such  as  turnips  and  potatoes,  that  have  been  left  standing  in  the 
ground  there  may  be  dug  at  any  time  after  the  cold  weather  has 
set  in,  by  first  removing  the  anow  that  covers  them ;  and  it  is 
said  to  be  a  common  occurrence  for  such  crops  to  renew  themselves 
there  without  successive  plantings. 

Spring  RoUing  of  Grot*  Field*. 

It  ia  commonly  tanght  that  it  ia  well,  where  young  grass  has  suf- 
fered from  frost  during  the  winter,  to  go  over  the  field  with  a  roller 
in  the  spring,  for  the  porpose  of  firming  the  land,  and  of  crowding 
back  into  the  soil  the  roots  that  have  been  torn  or  loosened  by  the 
expansion  of  the  ice.    Tiie  pmctice  is  probably  a  good  one  if  the 
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light  moment  for  the  lolling  can  ba  hit  iipoii,^whMi  tba  gnond 
has  become  diy  enough  to  bear  the  horse,  and  to  let  the  roller  pas* 
without  sticking  or  clinging  to  it,  and  before  the  roots  hare  been 
exposed  to  the  wind  and  sun.  The  probabilities  are,  however,  that 
if  snoh  gmsa  land  is  rolled  at  all  in  the  spring,  it  will  be  best  to 
scatter  a  little  fresh  graaa  seed  just  before  that  operation.  On  ston; 
land  another  advantage  is  gained,  of  comae,  by  the  rolling;  aince 
any  loose  pebbles  that  may  be  lying  upon  the  surface  of  the  land 
aro  pressed  into  the  soil  out  of  the  way  of  the  scythe  ot  the  knires 
of  the  mowing  machine. 

Surninff  off  of  Gratt. 

As  for  the  opposite  risk  of  "  burning  ofi^"  that  may  occur  ia  snm- 
roar  in  times  of  drought,  or  in  case  the  seed  ia  sown  in  autumn  it 
may  occur  then  also  if  there  has  been  a  drought  during  the  sum- 
mer, or  if  a  specJAlly  dry  spell  of  westher  should  happen  to  follow 
the  sowii^  If  graaa  is  sown  iu  August  upon  a  dry  field,  there  is 
risk  of  the  seeds  sprouting  by  virtue  of  moistura  obtained  from 
dews,  or  from  an  occasional  light  rain,  and  that  the  young  plants 
will  die  afterworda  in  case  there  should  come  a  few  days  of  bot  dry 
weather  before  the  ground  has  been  thoroughly  soaked  by  the  au- 
tumnal rains.  It  is  for  this  reason  that,  in  dry  seasons,  farmers  ate 
loath  to  sow  grass  seed  in  August,  except  on  low-lying  land,  or  on 
land  that  is  well  provided  with  ground-water.  They  like  to  play  a 
sure  game,  by  keeping  within  the  influence  of  the  "  line  storm,"  aa 
they  say  (September  21),  although  it  is  a  well-recognized  fact  that, 
were  it  not  for  this  risk  of  drought,  it  would  be  far  better  to  get 
the  gnus  seed  started  iu  August  than  to  wait  until  September,  aince 
the  older  the  plants  are  when  winter  sets  in,  so  much  the  better  will 
they  withstand  the  rigors  of  that  season. 

Power  of  Youitg  Plants  to  raitt  Droiight. 

Something  may  be  judged,  perhaps,  of  the  power  of  very  young 
glass  to  withstand  drought 'from  the  experiments  of  Nowoczek  on 
other  kinds  of  plants.  He  caused  seeds  to  germinate  on  moistened 
flannel,  and  when  their  roots  and  sprout  had  attained  a  length  of 
1  era.  (=  0.394  inch)  he  dried  out  the  flannel  together  with  the 
young  plants  at  a  temperature  of  from  60°  to  68°  F.  The  flannel 
was  then  moistened  anew  and  again  dried,  and  the  proceases  of 
moiatening  and  drying  were  repeated  as  long  aa  any  of  the  pUnta 
were  alive.  Hie  resnlta  are  given  in  the  following  table,  whence  it 
appears  that  germinating  seeds  of  wheat,  barley,  and  rye  have  an 


jbvGooglc 


"BUHKING  OFF"  OF  GRASS.  427 

ntnotdisBiy  power  of  iMuting  diought.  It  was  seen  that  the 
rootlets  diod  completely  crery  time  the  youug  pknta  wen  dried, 
and  that  new  mots  were  developed  when  the  plants  were  agaia 
moistened.  The  leaf  shoota  also  dried  oS  at  theii  poiiits,  but  the 
internal  organs  remained  alive,  and  developed  new  parts  on  heing 
moistened,  even  when  the  shoots  had  attained  a  length  of  j  of  an 
inch  or  an  inch.  Oily  seeds,  and  those  of  peas  and  clover,  exhib- 
ited very  much  lees  power  of  resisting  drought  than  those  of  the 
grains  proper. 
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Even  the  grass  of  old  fields  may  be  partially  killed  off  in  mid- 
summer by  excessive  heat,  particoWly  at  those  spots  where  tho 
larvte  of  the  June-bag  or  other  enemies  kave  been  devonring  its 
roots.  One  way  of  lessening  this  risk  manifestly  is  to  abstain  from 
mowing  the  6elds  too  closely,  so  that  the  grass  shall  not  all  be  cut 
off  close  to  the  roots.  If  a  joint  or  two  of  the  stem  and  some  leaves 
are  lef^  for  the  plants  to  breathe  and  feed  by,  the  grass  will  natu- 
sdly  stand  a  somewhat  better  chance  of  lesigtii^  hardships  than 
if  the  plants  had  been  shorn  off  close  to  the  earth.  For  in  spite  of 
the  fact  that  such  lower  leaves  might  be  old  and  feeble  they  could 
still  do  something  towards  sapportiog  the  roots  at  a  critical  period. 
So  too,  if  grass  is  mown  when  tolerably  young  and  vigorous  and 
not  yet  dead  ripe,  there  will  be  comparatively  little  risk  of  the  roots 
being  killed  by  heat. 

One  sure  way  of  giving  the  plants  a  new  start  after  mowing 
would  be  to  irrigate  the  field  immediately  after  the  hay  had  been 
carried  off  it  There  will  be  much  loss  trouble  fiom  the  sun's  heat 
when  grass  lands  come  to  be  irrigated  than  there  is  now.  In  a 
region  where  the  summere  are  so  dry  as  they  often  are  in  New  Eng- 
land, irrigation  is  the  one  thing  needful  for  the  support  of  grass 
upon  most  upland  hay  fields  and  pastures.     It  is  a  method  of  hu»- 
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bandry  which  the  Amerionn  people  h&ve  got  to  come  to  sooner  or 
later,  and  the  remark  vill  apply  even  more  forcibly  to  the  Soathem 
and  Middle  States  than  to  those  at  the  North.  There  is  amall  reason 
vhy  permanaut  water  meadowe  should  not  be  established  in  rouiy 
parte  of  the  South,  from  which  grsss  should  be  cut  pretty  much  all 
the  year  lonnd,  as  has  been  done  in  Lombardy  time  out  of  mind. 
Top^reuing  Grau  Ftdd*. 

Excepting  some  special  localities,  where  top-dressii^  is  babitoaUy 
practised,  it  woold  appear  that  American  mowing  fields  seldom  r»- 
ceive  any  other  manure  than  that  applied  at  or  bdbre  the  tinw  of 
seeding ;  the  small  amount  of  dang  dropped  by  cattle  that  an 
allowed  to  roam  over  the  land  in  autnmn  being  hardly  worthy  of 
mentioD.  It  is  true  enough  that  most  fannen  rec<^iie  the  &ct 
that  glass  is  a  crop  that  needs  to  be  well  manured  in  order  that  it 
shall  give  a  lai^  yield,  and  that  they  have  on  the  whole  a  favorable 
opinion  of  top^ressings,  but  in  point  of  fact  this  method  of  apply- 
ing manure  ia  not  much  practised  excepting  as  r^ards  lawns,  garden 
borders,  and  banks  about  houses.  Most  farmers  are  agreed,  more- 
over, that  mere  dirt  is  useful  as  a  top^ressing,  even  in  coses  where 
it  is  not  to  be  supposed  that  it  can  have  any  direct  action  as  a 
manure,  and  they  are  thns  naturally  led  to  look  with  much  fovor 
upon  peat  composts.        ' 

There  is  no  doubt  that  a  thin  coating  of  loam  laid  on  in  t«tt 
early  spring,  or  in  the  autumn,  may  have  an  important  inllaenoa 
for  good  in  covering  roots  that  have  been  torn  by  the  wintei's  frost, 
or  that  would  be  so  torn  if  they  were  not  thus  covered ;  and  on  this 
account  there  must  always  be  a  certain  advantage  in  using  stable 
manure  or  compost  for  gross  lands  instead  of  mineral  fertilisers. 
Peat  composts,  fermented  with  dung,  are  cleariy  indicated  for  this 
purpose.  Whatever  seeds  of  weeds  there  may  be  in  the  stable 
manure  will  do  comparatively  little  harm  upon  the  grass,  when 
many  of  them  will  come  to  nothing  because  of  the  proceaaea  of  cut- 
ting and  smotliering  to  which  they  are  subjected.  It  ia  noteworthy 
that  in  the  region  near  Portsmouth,  N.  H.,  where  sea-weed  is  the 
chief  manure,  the  farmera  often  strew  their  stable  manure  upon 
the  grass  land  and  promote  clean  cnltun  by  using  the  sea  plants, 
that  cannot  by  any  possibility  introduce  weeds  upon  their  plough- 
land.  If  not  enough  compost  can  be  mode  with  dung,  wood  aahea 
may  be  used  to  ferment  the  peat ;  or,  in  de&nlt  of  oshea,  or  potashes, 
lime  may  be  used ;  or  a  mixture  of  lime  and  muriate  of  potaah. 
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lu  applying  manure  to  gaea  fields  in  northern  oouatries  it  will 
usuredtj  be  well  to  do  bo  tolerably  early,  whether  it  be  done  in 
the  spring  or  in  antumn.  Just  as  in  the  spring  no  prudent  peraon 
would  wait  until  the  ground  was  soft  enough  to  be  poached  by  the 
feet  of  animals  and  rutted  by  cart  wheels,  so  in  the  autumn  the  ap- 
plication of  manure  should  not  be  delayed  until  the  beginning  of 
winter  when  the  ground  has  &ozen  ao  hard  that  none  of  the  gciod- 
Qess  of  the  manura  can  soak  into  it.  There  will  be  some  risk,  of 
ConiBe,  if  the  land  be  top-dressed  too  early  in  the  autumn,  that  too 
nnk  a  growth  of  aftermath  may  be  excited,  and  although  a  tolen- 
bly  thick  bed  of  dead  grass  upon  a  field  may  be  an  excellent  pro- 
tection against  winter-killing,  it  is  objectionable  is  that  it  affords 
shelter  for  mica  that  eat  tbe  grass  roots,  and  that  the  land  is  encum- 
bered  by  it  next  spring; 

Something  might  be  said,  indeed,  in  favor  of  top-dreeaing  grass 
ftfter  the  hay  harvest,  and  so  getting  a  crop  of  rowen,  or  abundant 
«&11  feed."  But  in  the  vicinity  of  Boston  top-dressings  are  often 
apphed  so  late  in  the  year  that  a  large  proportion  of  the  manure  is 
^t  to  be  washed  off  bodily  fiom  the  frozen  ground  into  brooks  or 
ponds ;  to  say  nothing  of  the  fact  that  what  manure  is  left  upon 
the  land  is  leached  by  lains  in  such  manner  that  many  of  its  solu- 
ble constituents  are  carried  away. 

GompotU  Good  for  Gran, 

The  free  nee  of  composts,  in  conjunction  with  small  quantities  of 
appropriate  chemical  fertilizers  for  top-dressing  grass  fields,  would 
probably  be  a  considerable  improvement  upon  the  system  of  hus- 
bandry which  prevails  nowadays  in  New  England. 

For  example,  a  Mune  farmer  reports  that,  when  his  grass  lands 
get  run  down,  he  spreads  upon  them  in  the  autumn  a  compost  of 
marsh  mud  and  lime  at  the  rate  of  ten  cart-loads  to  the  acre,  each 
load  being  equal  to  35  bushels.  This  compost  costs  him  50  cents 
a  load,  and  the  appUcation  of  it  generally  increases  his  crop  from 
1,500  lb.  per  acre  to  3,000  lb.  for  about  four  years,  the  crop  being 
timothy  and  clover  of  excellent  quality ;  so  that  at  a  cost  of  tl.25 
per  acre  and  per  year  for  manure,  he  gets  }  of  a  too  of  hay. 

The  true  import  of  these  figures  may  be  shown  by  contrasting 
them  with  those  of  an  li^ngli»b  calculation  as  to  the  gain  got  by 
applying  guano  to  grass.  The  argument  was,  suppose  a  mowing 
field  is  yidding  a  ton  and  a  half  of  hay  to  the  acre,  and  that  it  is 
top-dressed  with  200  lb.  of  Peruvian  guano  iu  the  spring  so  that 


jbvGooglc 


430  AGRICULTURE. 

tbo  yield  of  h&y  is  thought  up  to  two  tons,  what  vill  this  sxtra 
half-ton  of  ha;  bavs  coet)  Why,  very  Doarl;  $6,  for  there  has 
been  uied  -j^  of  a  ton  of  guano,  and  guano  coats  $60  the  too. 
Usually  there  would  be  some  increase  of  aftermath  and  in  the  hay- 
crop  of  the  uBxt  year  also,  because  of  the  application  of  the  guano, 
but  these  gaiua  are  commonly  small,  and  the  profit  from  them 
would  be  offset  in  good  part  by  the  coat  of  hauling  and  distribut- 
ing the  guano  in  the  first  place.  It  has  been  well  said,  that  these 
pricee  are  in  the  farmer's  favor  in  case  he  is  a  buyer  of  hay ;  but 
if  he  grew  bay  in  order  to  tell  it,  the  margin  for  profit  would  be 
very  small,  especially  if  there  be  taken  into  the  account  the  chaneea 
of  droughty  yean,  when  guano  has  little  or  no  action.  But  it  is  in 
yean  of  drought  tbat  good  composts  often  justify  themselves  mort 
thoroughly. 

It  is  noteworthy  that  the  Maine  Cirmer  just  now  cited  leporta 
that,  on  trying  a  double  dose  of  the  marsh  mud  and  lime  compost, 
he  made  what  he  esteemed  to  be  "  a  perfect  &ilure."  To  use  bis 
own  words,  "it  brought  in  weeds,  and  the  grass  grew  so  rank  that 
for  two  or  three  yean  it  was  good  for  nothing";  that  is  to  say,  it 
was  too  much  like  young  grass  to  be  sold  as  merchantable  hay. 

Composts,  when  applied  in  the  spring,  at  least,  have  one  advan> 
tage  over  stable  manure,  in  that  they  can  usually  be  distributed 
more  evenly  upon  the  sur&ce  of  the  land.  Stable  manure  is  apt 
to  cohere  tn  lumps,  at  the  beet ;  and  when  it  is  fresh  or  "  long,"  it 
is  vellnigh  impossible  to  distribute  it  very  evenly.  For  killii^ 
moss  also,  frhich  is  one  of  the  purposes  of  top-dressings,  loamy 
composts  have  probably  a  decided  sdvanb^  over  stable  manure 
of  eqnal  richness  ti)  fertilizing  ingredients,  because  of  their  superior 
covering  power.  There  arc  doubtless  cases,  especially  upon  clayey 
land  and  on  low  meadows,  where  mere  coal  ashes  applied  as  a  top- 
dressing  to  grass  would  serve  an  excellent  purpose.  Chip  ditt, 
pond  mud,  and  dust  washed  from  roods,  and  even  beach  sand,  have 
all  been  applied  to  grass  land  with  advantage.  As  the  formers  say, 
they  keep  the  surface  from  "  binding," 

It  is  to  be  remembered  always,  that  there  are  hay  lands  in  En^ 
land,  especially  near  London,  that  have  beoi  kept  in  pio6table 
grasa  for  long  terms  of  yeais  by  simply  top-dressing  them  with 
horse  manure.  Loudon  tells  of  such  fields  on  tenacious  clays  that 
have  been  rendered  exceedingly  productive  by  the  abundant  appli- 
cation of  stable  manure  hauled  out  from  London. 
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D^ermt  FertUiaert  fmor  differad  Omun, 

One  of  the  moat  notevortby  fkcts  trith  regard  to  the  muiTiTing  of 
grata  luida  is,  that  very  di&fent  kinds  of  herbage  an  "  brought 
ill,"  as  the  fiumers  eaj,  by  different  kinds  of  manures ;  that  ia  to 
eay,  one  kind  of  grass  in  the  mixture  that  occupies  a  field  vill 
gpecisllj  prosper  when  the  field  is  manured  in  a  giren  mj,  and 
will  tend  to  crowd  out  the  other  grasses.  But  if  the  field  ia 
mannred  in  acme  other  way,  another  gtass,  oi  other  grasses,  are 
liable  to  get  the  upper  hand. 

It  has  long  been  noticed  here  in  New  England  that  wood  ashea 
when  applied  to  grass  land  tend  to  bring  iu  white  clover,  and  that 
plaster  of  Paris  is  often  an  excellent  manure  for  clover.  But,  as  is 
now  known,  the  plaster  acts  by  setting  free  potash  from  the  soiL 
Indeed,  the  celebrity  of  plaster  as  a  manure  depeuds  largely  upon 
the  extensive  use  that  was  made  of  it  at  one  time,  a  oentniy  ago, 
upon  the  clover  fields  of  Europe,  In  one  word,  mowing  fields 
dressed  with  potassic  fertilisers  give  an  abundant  growth  of  clover 
nther  than  grass.  Lime  also  has  often  been  noticed  to  promote 
the  growth  of  white  clover. 

This  qneetion  of  the  influence  of  different  danes  of  maDnrea 
upon  the  growth  of  gnss  was  thoroughly  studied  by  Lawes  and 
.  Gilbert  some  years  ago,  and  highly  interesting  resnlta  were  obtained 
by  them.  They  found,  like  our  own  farmers,  that  potash  increased 
the  proportion  of  leguminous  plants  on  a  gnss  field.  They  found, 
moreover,  that  by  tax  the  most  complex  mixtures  of  herbage  were 
obtained  upon  unmaDnted  fields,  or  in  general  upon  fields  that  yielded 
light  crops ;  that  is  to  say,  a  comparatively  large  nnmber  of  species 
of  plants  were  found  iu  the  hay  from  sach  fields,  and  there  was  no 
aodi  predominance  of  a  few  species  as  occurred  in  the  more  bulky 
dope  obtained  from  manured  liolds.  This  remark  was  true,  not  only 
of  the  grasses  proper,  but  of  weeds  and  other  volunteer  plants.  As 
a  rule,  greater  simplicity  of  herbage  was  coincident  with  any  con- 
aiderable  increase  of  crop,  no  matter  what  kind  of  manure  hod  been 
tised ;  and  there  was,  at  the  same  time,  a  greater  predominance  of 
the  grassee  proper,  and  of  some  few  special  kinds  of  grasses  or 
of  clover. 

Farmyard  manure,  beside  increasing  the  total  product,  increased 
the  amount  and  the  proportion  of  the  grasses  proper.  It  diminished 
the  variety  of  herbage  aud  the  proportion  of  leguminous  plants  and 
weeds. 
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FaTmy&id  maDura  plus  ammoDium  salta  gave  a  consideTabljr 
larger  crop  than  the  fitrmyard  mauuie  alone,  and  the  hay  contained 
a  large  proportion  of  grasses  and  weeds,  but  y^ij  few  legominouB 

Mineral  manures  alone,  whether  a  mijctnie  of  salts  of  potash, 
soda,  or  magnesia,  or  superphosphate  of  lime,  inereased  the  crop 
modentely,  while  they  rather  diminished  the  proportion  of  grasses, 
and  considerably  d  iminished  the  proportion  of  weeds.  But  such  min- 
eral manures  greatly  increased  the  proportion  of  leguminous  herbage, 
especially  that  of  red  clover  and  of  the  meadow  vetchling. 

Ammonium  salta  alone  considerably  increased  the  yield  pet  acre, 
and  they  increased  the  proportion  of  grasses,  while  they  diminished 
the  leguminous  plants  and  weeda  In  point  of  fact^  clover  and  the 
like  were  wellnigh  excluded  when  the  field  was  manured  with  am- 
mouinm  salts.  It  was  noticed  that  the  grasses  tended  very  remark- 
ably to  run  to  leaf,  and  that  the  plants  had  comparatively  little  iu- 
cUnatioD  to  form  sterna  or  seed  ;  just  as  was  the  case  with  Uie  field 
of  the  Maine  &rmer  above  mentioned,  who  overdid  the  dressing  of 
the  marsh  mud  and  lime  compost. 

Mixtures  of  mineral  manures  and  ammonium  ealle  gave  by  far 
the  largest  increase  of  crop,  and  the  proportion  of  grasses  proper 
was  much  loi^r  than  woe  obtained  in  any  of  the  other  experiment. 
Glover  and  other  leguminous  plants  were  practically  excluded,  and 
the  number  of  epeciea  of  weeds  and  the  total  amount  of  weedy  herb- 
age were  but  small,  though  some  few  individual  weeda  grew  luxu- 
riantly. The  great  bulk  of  this  large  crop  was  made  np  of  compara- 
tively few  species  of  grasses,  and  the  development  of  stems  and  seeds 
was  reroarkable. 

Sewage  irrigation,  when  applied  to  mowing  fields,  has  been  found, 
like  other  active  manures,  to  develop  grasses  chiedy,  particularly  a 
few  kinds  of  &ee-growing  grasses,  such  as  the  rough-stalked  meadow- 
grass  (Poa  trivialis),  ooucfa-grass,  orchard-grass  (Doctylia  glomenU), 
woolly  soft  grass  (Holcus  lanatus),  and  peranuial  ray-grass  (LoUum 
perenne).  The  herbage  of  such  meadows  is  very  simple,  and  is 
wellnigh  free  from  leguminous  plants  and  weeds,  excepting  a  few 
buttercups,  docks,  and  dandelions.  Since  the  grass  of  such  meadows 
is  cut  when  young  and  green,  it  is  little  matter  that  some  of  the 
glasses  just  mentioned  would  make  rather  coarse  and  inferior  bay  if 
left  to  approach  maturity. 
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Gvano  on  Lawn*. 

It  has  sometiDies  been  urged  that  guano  is  specially  beneficial  to 
lawns,  because  it  not  only  promotes  the  growth  of  true  gntsses,  but 
may  be  made  actually  to  destroy  some  weeds.  Thus  it  is  said  that 
if  guano  is  scatteied  in  the  early  moTuing,  in  fair,  dry  weather,  at  the 
rate  of  3^  lb.  to  the  square  rod,  on  a  lawn  infested  with  white-weed 
and  plantains,  these  weeds  can  be  eiadicated ;  for  their  broad  and 
bedewed  leaves  leceive  and  bold  the  guano,  and  aie  poisoned  by  it. 
After  the  weeds  are  dead,  and  ahoweis  occur,  the  guano  will  be 
washed  into  the  soil  and  stimulate  the  growth  of  the  grass.  A  lawn 
guanoed  in  this  way  will  appear  brown  and  dirty  for  some  little 
time,  or  until  the  gross  has  grown  high  enough  to  conceal  the  seared 
leaves.  If,  instead  of  proceeding  in  this  way,  the  guano  were  strewn 
in  dull,  showery  weather,  it  would  excite  a  vigorous  growth  of  grass 
vitttoat  turning  the  field  brown,  and  without  destroying  the  white- 
weed,  excepting  in  so  far  as  the  grass  might  override  it. 
Wt^g  Grau  it  apt  to  tnaie  bad  Uay. 

One  advantage  to  be  noted  in  favor  of  using  such  fertilizers  ss 
would  tend  to  crowd  out  weeds  is,  that  the  true  grasses  dry  more 
readUy  than  leafier  phtnta  can.  Consequently,  pure  grass  bay  is 
distinctly  less  liable  to  become  mouldy  than  weedy  hay.  This  con- 
sideration is  spedally  important  in  case  the  hay  is  to  be  sold. 
Another  point  to  be  borne  in  mind  is,  that  the  judicious  manurii^ 
of  some  hay  fields  might  bring  the  grass  into  such  condition  that  it 
could  be  mown  at  a  different  time  from  the  unomnuTed  fields  of 
equal  age,  whereby  some  saving  of  hurry  and  auxiety  might  be 

The  crowding  out  of  some  kinds  of  plants  by  others  has  been 
dwelt  upon  by  Mr.  Darwin,  who  natumlly  looked  at  the  matter  not 
so  much  from  the  chemical  point  of  view  as  from  that  of  the  natural 
historian.  He  found  that  seedlings  suffer  most  when-they  germi- 
nate in  ground  already  thickly  stocked  with  other  plants,  and  that, 
when  turf  whicbhos  long  been  mown  or  browsed  is  allowed  to  grow, 
the  more  vigorous  plants  gradually  kill  the  less  vigorous,  though 
fully  grown  plants.  Out  of  20  species  on  a  little  plot  of  mown 
torf,  three  feet  by  four,  9  species  perished  &om  the  other  species 
being  allowed  to  grow  up  freely. 

Infivenee  of  Clover  in  Graa  Field*. 

In  discussing  the  manuring  of  mowing  fields  it  is  important  to 
coosidei  the  influence  of  the  dover  pLuits  which  aie  ao  often  grown 
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in  conjuQctioD  with  timothy.  The  tlova,  tu  it  giaduall;  dies  ont, 
leavea  roots  in  the  groimd  which  undonbtedJf  yield  &  conmdenble 
amount  of  nutriment  to  the  gnus  plauts.  Hence  the  sowing  of 
clover  seed  with  grass  may  serve  to  distribute  iu  some  measure  the 
original  manurii^  through  a  term  of  years,  or  to  revivify  the  manura 
as  it  were.  It  is  thought^  moreover,  that  the  porosity  imparted  to 
the  laud  by  the  numerous  roots  of  the  cIovct,  which  leave  openings 
and  channels  when  they  decay,  is  a  matter  of  consideiabla  practical 
importance,  particularly  upon  heavy  land. 

Strangely  enough,  in  view  of  the  chemical  composition  of  clovor 
hay,  and  the  great  estimation  iu  which  clover  is  held  in  some  of  the 
best  farming  countries  of  the  world,  there  are  not  a  few  Esraieis  in 
New  England  who  maintain  that  it  is  on  account  of  tJie  eonsideia- 
tions  just  now  mentioned,  rather  than  because  of  any  direct  gain 
obtaiued  from  the  clover  hay  itself,  that  they  persist  in  sowing 
clover  seed  together  with  their  grass.  This  opinion  can  hardly  be 
correct.  It  is  mentioned  here  merely  to  oppose  it.  It  would  seem 
plain  that  the  advocates  of  tLis  opinion  cannot  possibly  esteem 
clover  at  its  true  north ;  though  it  may  well  be  true,  that  clover 
needs  to  be  fed  out  green  (as  is  usual  abroad)  in  order  to  produce  its 
best  effects.  It  is  well  known,  moreover,  that  clover  should  be 
movm  tolerably  early,  and  that  it  should  be  cored  with  special  cam 
in  case  it  is  to  be  used  as  hay. 

Mulching  of  Qran  ZoMd. 

The  fact  that  mere  loam  has  occa»onally  been  nsed  with  success 
for  top-dressiug  grsss  naturally  suggests  the  inquiry  in  bow  &r 
mulching  can  be  made  to  supplement  or  supply  the  need  of  manure 
on  grass  land.  Though  manifestly  open  to  doubt,  the  opinion  is 
sot  uncommon,  that  very  nearly  one  half  the  beneficial  effect  of 
stable  manure,  when  nsed  for  top^ressing  grass,  may  be  dae  to  its 
acting  as  a  mulch. 

One  reason,  doubtless,  why  young  grass  is  more  liable  to  be 
winter-killed  than  that  which  is  old,  is  due  to  the  fact  that  the  old 
griiss  is  protected  by  the  dead  herbsge  (the  so-called  tog)  that  covere 
the  soil.  It  has  been  questioned  whether  it  would  not  be  well,  in 
this  sense,  when  land  is  seeded  down  to  grass  in  August,  to  sow 
with  the  grass  seed  some  oats  very  thinly,  or  some  barley  or  other 
quick^^vring  plant  that  would  be  killed  by  the  frost  The  idea  is 
that  the  oats,  or  what  not,  would  shoot  up  to  a  height  of  several 
inuhes  before  the  advent  of  a  killing  &ost,  and  would  finally  fall 
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down  and  cover  the  snrfoce  of  the  ground,  aod  protect  it  both  fay 
acting  directly  as  a  mat  and  b;  holding  snow  upon  the  land.  Bat 
in  trying  any  such  experiment  as  this,  it  is  important  to  bow  the 
field  lather  early  in  the  season,  and  that  there  shall  be  moistuie 
enough  ia  the  land  to  enable  the  oats  (or  other  plant)  to  get  well 
started  before  the  cold  weather  of  autumn  sets  in.  It  ia  hard  to 
say  just  what  plant  would  beet  serve  thia  purpose.  Perhaps  barley 
would  he  better  than  oata,  or  perhaps  vetchee  or  peas  would  answer. 
Poetdbly  some  flowering  plant,  like  balsams,  for  instance,  whose 
■eeda  could  readily  be  procured  in  large  quantities,  woold  do.  It 
is  a  subject  which  intelligent  &rmei8  might  well  study.  There 
would  seem  to  be  needed  a  rather  coarse  plant,  that  will  grow  npidly 
in  cool  autumn  weather  until  nipped  by  6ost. 

Pailwrui<f  of  Mowing  Field*. 

Another  matter  intimately  connected  with  the  mulching  of  mow- 
ing  fields  is  the  question  whether  (x  not  it  ia  advisable  to  pasture 
cattle  upon  such  fields  in  the  autoom.  The  practice  is  actually 
a  very  common  one  in  New  England,  although  there  are  many 
&rmeTB  who  condemn  it  utterly.  It  is  not  easy  to  understand  the 
reasons  of  such  sweeping  condemnation,  though  it  is  generally  ad- 
mitted that  timothy  is  ill  adapted  to  withstand  the  biting  of  ani- 
inals,  and  good  fields  of  it  may  well  be  protected  from  them.  But 
the  trampling  of  cattle  may  often  do  good,  especially  upon  light 
loamy  soils,  and  as  a  means  of  destroying  moas.  The  iact  of  the 
matter  would  seem  to  be,  that  on  old  mowing  fields  the  practice  of 
pasturing  with  moderation  in  early  autumn  may  be  commendable, 
especially  where  the  sod  ia  thicl:  and  the  grass  v^orons,  while  it  may 
be  hurtful  on  new  fields  of  timothy,  and  on  poor,  dry  exposed  fields. 

Anything  that  woAe  to  leave  the  ground  absolutely  bare  is  inju- 
rioua,  since  the  cold  of  winter  tende  to  kill  the  roots.  So  too,  the 
toots  would  be  liable  to  die,  —  that  is  to  say,  they  might  be  killed 
by  heat,  —  if  the  fields  were  depastured  immediately  after  mowing, 
and  there  can  be  little  doubt  that  the  presence  of  cattle  in  the  fields 
at  that  season  ia  to  be  deprecated.  But  no  matter  how  useful  the 
old  fog  may  be  in  winter,  it  is  evident  enough  that,  when  the  spring 
oomee  round,  too  thick  a  coating  of  dead  gross  upon  a  mowing  field 
is  a  serious  an'noyanoe.  It  encumbers  the  land,  hinders  the  growth 
of  the  yonng  grass,  tends  to  smother  the  roots,  and  is  a  real  detri- 
ment to  the  field.  All  this,  beside  the  liability  of  its  interfering 
with  ttie  scythes  and  rakes  at  the  time  of  hay-making. 
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It  viU  ha  noticed  that  careful  gardeneTS  take  puns  to  raka  off 
the  dead  graas  ftom  lavns,  and  grass  plate,  and  borden  about 
.  houses,  eveiy  spring,  in  spite  of  the  fact  that  then  is  usually  but 
little  of  it.  There  can  be  little  doubt  that  the  removal  of  dead 
grass  &om  a  thick  lawn  is  a  benefit  to  the  living  grass,  whatevei 
may  be  the  possible  utility  of  the  ft^  on  a  thin  old  mowing  field. 

The  burning  of  dead  graas  by  savages,  all  over  the  world,  in  older 
to  get  a  good  crop  of  new  grass,  is  a  fact  of  the  aame  order.  Mr. 
Olmsted,  speaking  of  February  as  "  a  spring  month  in  Texas,"  Bays : 
"  The  dreary  burnt  ptairies,  from  repulsive  black,  changed  at  once  to 
a  vivid  gieen,  like  that  of  young  wheat.  The  uuburnt  districts, 
covered  with  the  thick  mat  of  last  yeai^a  growth,  were  a  month  be- 
hind." Hence,  on  this  account  also,  the  aigament  against  mowing 
or  pasturing  hay-fields  in  autumn  must  be  taken  with  many  gmina 
of  ^iowonoe. 


CHAPTER  XXL 

THEOBT  A.ND  PBADIICB  OF  MAKING  HAT. 

Tbb  art  of  hay-making  admits  of  several  variation^  though  the 
principles  upon  which  it  depends  are  few  in  uumbei  and  umple  in 
appearance.  Occasionally  a  farmer  may  be  heard  to  assert  that 
hay  should  be  made  in  snch  wise  that  the  product  shall  be  "dried 
grass  "  i  and  the  idea  seems  reasonable  enough  at  first  si^t.  There 
is  a  note  of  practicality  in  the  remark,  moreover,  that  catches  the 
ear,  and  it  seems  to  consist  with  the  well-known  fact  that  young 
grass  is  particularly  nutritious.  But  the  statement  might  easily 
mislead  an  inexperienced  person,  and  can  only  be  accepted  as  true 
when  accompanied  by  explanation  and  qualification.  It  is  to  be 
presumed,  indeed,  that  those  formers  who  make  this  remark  do  not 
mean  to  imply  that  the  hsy  shall  really  resemble  pasture  grass,  for 
the  conceptions  "  hay  "  and  "  graaa  "  are  very  properiy  separate  and 
dissimilar  in  the  minds  of  practical  men.  For  example,  i^  to  a 
farmer  boasting  that  his  hay  ia  made  so  well  that  it  is  really  nothing 
hut  dried  grass,  the  queation  should  be  put,  "  What !  do  you  feed 
your  horses  on  rowen  1 "  he  would  probably  find  hinisalf  soioewhat 
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pooled  for  an  answer.  Foi  it  ia  notorions  that,  when  horees  ue  fed 
upon  soft  succulent  food,  auch  as  grass,  or  v^etables,  oi  roweu  hay, 
their  muscles  become  "soft."  In  reality,  the  flesh  produced  by 
such  food  is,  compoiatiTely  speaking,  watery.  Animals  perspiie 
easily  when  thus  fed,  and  oro  not  fit  for  hard  work.  Hence  the 
popular  conviction  that  horses,  in  particuUi,  need  "  ripe  "  or  mature 
hay.  This  feeling  was  well  expressed  by  a  fans  lund,  who,  on 
being  directed  to  feed  out  a  lot  of  lowen  hay  to  some  idle  horses, 
lemarked  that  it  would  be  just  as  well  to  give  them  curled  hair. 

The  truth  of  the  matter  is,  that,  in  order  to  get  good  hay,  the 
grass  should  be  mown  at  the  time  when  it  is  in  the  condition  beet 
fitted  for  the  purpose  to  which  it  is  to  be  put ;  and  the  crop  should 
then  be  secured  with  as  little  waste  as  possible.  Moreover,  in  case 
the  hay  is  to  be  sold,  it  should  be  made  in  such  manner  that  it  may 
present  a  fine  appearance. 

Sourcet  of  Watte  in  Hay-mahwg, 

There  are  several  well^lefined  sources  of  waste  in  hay-tnabing. 
first,  the  risk  of  washing  by  rain  after  the  grass  hag  been  cut, 
whereby  starch,  dextrin,  and  other  soluble  mattera,  including  a 
good  part  of  the  ash  ingredients,  are  dissolved  and  removed. 
Secondly,  the  development  of  fungi  in  damp  hay,  both  in  hay  ^t 
has  been  wet  by  rain  and  in  that  from  which  the  natural  juices 
have  not  been  properly  dried  oft  This  question  of  fungi  in  dam- 
aged hay  and  other  fodders  is  doubtless  a  very  important  one,  since 
some  of  the  fungi,  or  at  the  least  the  altered  materials  upon  which 
tiiey  are  fonnd,  are  distinctly  hurtful  to  animals.  Several  instances 
have  been  recorded  where  mouldy  oate  fed  out  to  horses  have 
caused  the  death  of  the  animals ;  and  it  is  a  popular  belief  that 
many  diseases  of  cattle  ore  occasioned  by  the  consumption  of  hay 
that  has  been  partially  rotted  by  exposure  to  dampness.  Such  hay 
is  thought  to  be  always  injarious  to  all  kinds  of  animals.  Sevenil 
jarmers  have  urged  that  one  great  advantage  in  using  hay  caps  is 
to  be  found  in  the  fact  that  they  hinder  the  development  of  fungi. 

Unfortunately,  very  Uttle  seems  to  be  known  as  yet  concerning 
these  harmful  fungi  It  would  be  well  to  know  certainly  whether 
hay  or  oats  damaged  by  them  could,  in  all  cases,  be  made  harmless 
by  steaming.  An  impression  prevails  that  they  could  in  this  way 
be  rendered  completely  innocuous.  The  advocates  of  cooked  fodder 
have  been  accustomed  to  urge  that  the  steaming  of  damaged  hay, 
to  which  a  little  bran  or  meal  haa  been  added,  will  make  it  palatable 
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to  cattle,  and  that  the  snimalB  proeper  on  each  ft  diet.  There  can 
be  no  doubt  that,  as  a  general  rule,  it  is  saCsr  to  feed  danu^ed  hay 
after  cookiDg  than  befoie. 

Sailing  of  Say. 

The  real  justification  of  the  common  practice  of  salting  ha^  when 
it  is  pitched  into  the  mow  or  stock,  oi  of  scattering  slaked  lime  npoa 
it  at  that  time,  is  undoubtedly  to  be  found  in  the  power  of  the  salt 
and  the  lime  to  check  the  growth  of  fungi.  The  salt  and  the  lime 
both  work  to  check  fermentation,  and  to  prevent  moulding,  and  the 
use  of  them  ia  undoubtedly  commendable  in  special  cases,  as  when 
partially  cured  hay  has  to  be  stored  in  bad  weather,  or  as  in  the  short 
days  of  autumn,  when  lowen  cannot  be  properly  dried  in  the  fields. 
It  is  an  intetesting  fact,  that  in  the  interior  of  the  country,  — that 
is  to  say,  far  from  the  sea-coast, — where  animals  raiely  get  all  the 
salt  they  would  like,  cattle  often  prefer  bay  that  has  been  salted, 
under  the  conditions  just  now  descrihed,  to  the  best  hay  that  has 
been  made  perfectly,  accoiding  to  the  usual  methods.  Uany  people 
have  argued  from  this  circumstance,  that  all  hay  should  be  slightly 
salted,  and  the  practice  of  doing  so  has  become  general  in  many 
localities.  It  is  no  uncommon  thing  to  see  New  England  farmera 
scattering  a  peck  of  salt  to  the  ton  of  hay,  as  the  latter  is  thrown 
upon  the  mow,  no  matter  how  good  the  Iwy  may  be.  In  so  far  as 
the  appetites  of  the  animals  may  be  increased,  the  putting  of  salt  or 
lime  upon  well-cured  hay  may  be  well  enough,  and  for  saving  damp 
or  weedy  hay  both  these  additions  have  undoubted  merit;  but 
there  is  really  no  need  of  them  on  hay  that  has  been  well  dried  and 
properly  housed. 

Is  case  dry  straw,  as  well  as  salt,  can  be  mixed  with  the  damp 
hay,  layer  by  layer,  when  the  latter  is  to  be  stacked  out  of  doora,  as 
is  usually  done  in  Europe,  it  is  said  that  still  better  results  are  ob- 
tained than  can  be  got  by  the  use  of  salt  alone.  The  straw  imbibes 
the  moisture  from  the  damp  hay,  and  much  of  ite  flavor  also,  so 
that  cattle  will  readily  eat  the  entire  contents  of  such  a  stack,  —  thft 
straw  as  well  as  the  hay. 

Hay  that  is  admixed  with  some  kinds  of  weeds  stands  in  special 
need  of  being  salted.  In  case,  for  example,  a  field  infested  with 
white-weed  or  buttercups  were  mown  early  in  the  season,  tg  pre- 
vent these  weeds  from  seeding,  it  might  not  be  found  easy  to  dry 
the  youug  grass  and  the  succident  herbs  completely.  Hence  it  is 
well  to  salt  such  hay  freely  as  it  is  storod  in  the  mow.     It  may  be 
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said,  in  pasaing,  that  vdodj  hay  sach  as  this  is  highly  nntrition^ 
and.  excellent  fur  milch  cowa. 

The  preservative  action  of  ealt  in  hay-mowa  ia  veil  illiutrated  by 
the  iact,  that,  ou  the  sea-cooat  of  Kev  Eugland,  it  ia  easy  to  keep 
watermelons  that  have  ripened  in  September  fresh  and  sound  un- 
til December,  by  aimply  pacing  them  away  in  a  cool  barn  in  "salt 
hay,"  L  e.  hay  made  from  grass  grown  upon  salt  marshes.  Of  late 
years,  large  qoantities  of  this  salt-maish  hay  have  been  used  for 
packing  bananas  also,  that  are  transported  into  the  interior  of  the 
country. 

CrumhUng  nf  Leant*  and  Dropping  of  Seedt, 

Beside  the  nsk  of  loss  from  washing,  aud  from  the  development 
of  fungi,  there  is  the  waste  of  delicate  leaves  when  hay  that  haa 
been  allowed  to  become  very  dry  and  crisp  is  handled;  and  thia 
loss  of  material,  due  to  the  crumbling  of  leaves,  is  all  the  more  im- 
portant, because  the  delicate  friable  leaves  are  excellent  fodder,  and 
constitute,  perhaps,  the  very  moat  valuable  ports  of  the  plants.  In 
the  case  of  clover  hay,  in  particular,  the  loss  by  friction  is  often  of 
considerable  importance,  and  it  is  always  well,  when  harvesting  hay 
at  a  very  dry  time,  to  take  care  that  it  does  not  become  too  crisp 
before  raking,  cocking,  and  hoasiiig  it. 

Then  again,  if  grass  be  mown  when  it  is  folly  ripe,  much  nutri- 
ment will  be  lost  in  the  form  of  aeeds.  Timothy  in  particular 
yields  many  seeds  which  are  highly  charged  with  nutritive  mstteiB. 
Bat  many  of  these  seeds  shake  out  from  the  dry  husks;  mice  are 
fond  of  them,  aud  not  a  few  escape  mastication  and  digestion  when 
the  hay  is  eaten  by  animals.  Hence  a  tendency  on  the  part  of 
some  people  to  jump  at  the  not  wholly  justifiable  conclusion,  that 
giaasas  may  really  yield  more  aud  better  hay  when  mown  in  blos- 
aom,  than  if  left  to  become  mora  mature. 

The  Aroma  of  Say. 

The  loss  of  aroma  from  hay  during  the  process  of  making  is  a 
point  of  some  importance.  All  those  volatile  matters  escaping  from 
new-mown  hay,  which  are  so  ^leeahle  to  our  sense  of  smell,  are  of 
course  lost  from  the  crop,  and  this  loss  might  be  serious  if  it  were 
allowed  to  go  on  indefinitely.  This  aroma  seems  to  be  agreeable  to 
cattle,  in  that  the  presence  of  it  makes  the  hay  more  palatable. 
Other  things  being  equal,  aweet^melling  hay  will  be  readily  sal- 
able. Hence  those  processes  of  curing  hay  which  tend  to  retain 
the  aroma  are  in  so  far  conunendable. 
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It  ahonld  be  anderntood,  that  the  aromatic  matters  which  escape 
during  the  making  of  hay  do  not  Tolatilii«  of  themselTea  to  any 
great  extent,  in  the  sense  that  alcohol,  ether,  or  water  would  evap- 
omte  from  an  open  dish.  They  are  in  reality  lifbed,  as  it  were,  and 
transported  by  the  vapor  of  water  as  it  eacapes  from  the  grass. 
Hence  one  great  harm  that  ensaea  when  partially  cnred  hay  is  wet 
with  rain,  or  fog,  or  dew.  By  the  evaporation  of  this  new  and ' 
extraneous  water,  just  so  much  more  of  the  aromatie  matters  are 
carried  off.  A  familiar  example  of  this  transporting  power  of 
aqueons  vapor  is  seen  in  the  freshness  and  sweetness  of  the  early 
summer  morning.  When  the  sun  begins  to  dissipate  the  dew  that 
has  fallen  during  the  night  npon  the  surfaces  of  8weet«iDelliiig 
flowers  and  leaves,  there  is  a  movement  of  perfumes  in  the  air  such 
as  seldom  occurs  at  noonday.  It  is  to  avoid  this  lifting  power  of 
dew,  as  well  as  to  gaanl  against  loss  of  heat  by  radiation  and  from 
contact  with  the  cold  night  air,  that  half-cured  hay  is  raked  up  be- 
fore night  into  windrows  or  cocks,  in  such  manner  that  do  more 
than  a  comparatively  small  snrfiiCB  of  it  shall  be  directly  exposed  to 
the  weather.  Here  is  one  reason  among  many  why  hay  cape  ais 
used  by  careful  fanners. 

Chemically  considered,  the  aromatic  matteis  are  probably  eesential 
oils,  perhaps  of  no  direct  value  whatsoever  as  food,  excepting  in  so 
far  as  they  ^ve  ilavor  to  the  hay,  to  make  it  palatable,  and  act  after 
the  manner  of  relishes  to  help  digestion.  In  England  the  farmers 
often  hny  a  condiment  sold  as  "  hay  spice,"  which  is  warranted  to 
improve  all  hay,  and  particularly  to  give  to  rough  coarse  hay,  or 
that  which  has  been  damaged,  an  attractive  flavor  and  an  aromatie 
odor. 

Fading  of  May. 

The  color  and  the  appearance  of  hay  need  to  bo  considered,  pa^ 
ticniarly  when  the  hay  is  to  be  sold  as  such.  For  the  sake  of  its 
appearance  merely,  it  may  sometimes  he  desirable  to  dry  grass  grad- 
ually, to  expose  it  to  direct  sunlight  as  little  as  may  be  practicable, 
and  in  general  to  proceed  in  such  wise  that  the  hay  shall  be  of 
handsome  green  color,  and  of  the  same  bright  tint  throughout.  If 
new-mown  grass  were  left  to  lie  too  long  in  hot  sunlight,  without 
turning,  part  of  it  wonid  become  brown  and  withered,  while  the  rest 
would  not,  and  it  would  then  be  wellnigh  impossible  to  get  the  best- 
looking  hay.  Hence  it  is  held  to  be  bad  practice  to  scorch  hay,  or, 
in  other  words,  to  leave  it  too  long  untamed  in  the  hot  sun. 
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The  chftoge  of  color  by  th«  action  of  Bonligfat  u  a  men  matter  of 
lading,  jiut  as  acoloted  cloth  would  fads  when  exposed  to  eunlight; 
and  it  should  be  borne  in  mind  that  nothing  fadee  dothea  more 
rapidly  than  alternate  rain  and  sun.  In  the  old  methods  of  bleach- 
ing cotton  OT  linen,  the  practice  was  to  spread  the  cloths  upon  a  graaa 
field,  to  keep  them  moistened,  and  to  turn  them  frequently  in  order 
to  promote  the  chemical  changes  upon  which  bleaching  depends. 
It  is  important,  therefore,  to  avoid  dew  and  rain,  as  well  as  too 
much  sunlight,  when  the  intention  is  to  get  green-colored  hay. 

From  chemical  considerations,  it  is  plain  that  these  influenoes 
which  work  to  destroy  the  color  of  grass  and  to  remove  the  aro- 
matic matters  would  tend  to  deettoy  some  of  the  nutritive  oon- 
stituents  also.  Hence  it  would  appear  that  green-colored  and 
sweet-emelling  hay  is  really  the  best  possible  hay,  and  that  these 
attributes  may  well  be  rtgaided  as  indicating  the  highest  standard 
of  excellence. 

The  Uability  of  organic  matters  to  undergo  change  in  sunlight  is 
well  illustrated  by  a  case  somewhat  analogous  to  that  of  hay ;  ths 
case,  namely,  where  herbs  are  cured  for  medicinal  uses.  All  are 
agreed  that  herbs  an  best  cured  ia  the  shades  aad  that  strong  sun- 
light should  not  be  allowed  to  faHl  upon  them.  But  if  the  sun's 
light  and  beat  can  bring  about  cbangee  in  the  medicinal  principles 
of  herbs,  it  is  fair  to  infer  that  the  nutritive  constituents  of  other 
T^elahles  are  liable  to  suffer  in  like  manner.  This  tenet  that  direct 
Bonlight  should  be  avoided  consists  very  well  with  the  dictum  that 
hay  should  be  simply  dried  grass,  and  would  seem  to  he  reasonable 
enough  in  itself,  if  only  it  were  possible  for  the  farmer  to  control  the 
weathw  in  baying  time  so  that  he  could  cure  the  crop  at  bis  leisure. 
Cvring  of  Bay  in.  Coda. 

It  is  in  part,  perhape,  with  the  view  of  retaining  the  aroma  and 
fine  appearance  of  hay,  that  many  persons  have  urged  that  it  is 
best  not  to  spread  or  turn  hay  in  the  field  any  more  than  is  abso- 
lutely necessary,  but  to  cure  the  mown  grass  in  swaths,  windrows, 
and  cocks,  at  least  for  the  most  part.  There  is,  however,  another 
and  a  much  more  important  lesson  than  this,  which  has  often  been 
urged  in  favor  of  curii^  grass  in  het^  as  will  be  explained  on  a 
mbeequent  page. 

FtrviaUtttMK  meant  Watte. 

Beside  the  loss  of  aroma,  and  the  change  of  color,  and  the 
comparatively  inngoificant  alteiatione  due  to  excesuve  light,  it  is 
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important  to  recognise  that  considerable  loeeea  of  foddering  mateiisla 
must  neceAsoiilj  occui  whenever  and  wherever  hay  andergoee  fei^ 
mentation,  or  active  chemical  change,  daring  the  proceaa  of  curing. 
Hence  the  importance  of  avoiding  all  extnmeoiu  moiatuie,  aa  of 
rain  or  dew,  and  of  not  leaving  accnmulationa  of  grass  or  half-ctued 
hay  to  theineelves  long  enough  for  fenneotBlion  to  occur. 

It  is  on  this  aocount,  as  well  as  becaose  of  leaching,  that  tiie  r«- 
peated  wetting  and  drying  of  hay  during  the  making  of  it  is  thought 
to  be  specially  detrimeDtal.  In  times  of  frequent  showers  it  is  held 
to  be  better,  as  a  general  rule,  to  let  half-cured  hay  alone,  than  to 
run  the  risk  of  meddling  with  it.  If  it  is  in  cocks  or  windrows, 
the  custom  is  to  let  it  remain  there  untouched  as  long  aa  the 
weather  holds  foul  or  uncertain,  in  spite  of  the  immineDt  danger 
of  its  moulding  in  the  heaps.  So,  too,  when  grass  ia  mown  wet, 
and  is  then  rained  upon,  or  when  rain  sets  in  before  the  swaths 
have  been  spread,  it  is  not  customary  to  disturb  the  grass  until  the 
weather  becomes  fair.  Freah-cut  grass  "keepe"  fresh  —  much  as 
meat  would  keep  —  fairly  well  in  cool,  rainy  weather,  though  there 
oau  hardly  foil  to  be  a  considerable  loss  of  soluble,  mattera  tbat  are 
dissolved  and  washed  out  as  euch. 

It  is  because  of  the  risk  of  lain,  and  the  deteriorations  which  are 
apt  to  be  caused  by  wetting,  tbat  many  formers  like  to  dry  their 
hay  as  rapidly  aa  possible.  The  common  feeling  was  well  expressed 
by  one  of  them,  who,  after  listening  to  a  long  debate  on  the  ques- 
tion how  to  cure  hay,  remarked  that,  in  his  opinion,  the  main 
point  was  to  get  it  into  the  bam  as  quickly  as  possible  after  tiis 
grass  had  been  cut. 

In  consonance  with  the  efforts  for  rapid  drying,  many  fonneis 
DOW  throw  their  half-cured  hay  at  night  into  loose  bunches  with 
the  horse-rake,  or  merely  into  large  windrows,  instead  of  spending 
time  in  makmg  well-fbrmed  cocks.  Next  day,  the  hunches  or 
windrows  may  be  lolled  over,  to  expose  their  under  side  to  sun 
and  air. 

ImpoiianM  of  aVmring  Mown  Gran  to  SvvaL 

Somewhat  in  opposition  to  the  plan  of  making  bay  rapidly,  many 
good  farmera  maintain  that,  ia  order  to  cure  hay  thoroughly  well, 
the  grass  should  be  allowed  to  "sweat"  fteely  while  making.  It 
is  really  for  this  purpose  that  the  system  of  hay-making  which 
depends  upon  the  elow  drying  of  grass  in  swaths,  windrows,  and 
cocks,  is  practised.    The  idea  is,  that,  when  mown  grass  is  left  in 
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amall  heape,  tlie  leaves  will  continue  to  tnmspire  water,  vei;  much 
as  the;  would  do  if  the  grass  wera  stiU  stAnding  uncut. 

So  loDj;  as  the  grass  remaius  alive,  water  will  be  exhaled  bom 
the  pores  upon  the  sur&ces  of  the  leaves,  and  water  will  continu- 
ally be  pumped  out  &om  the  stalks  in  a  thorongbly  natural  way, 
much  as  if  the  gmas  had  not  been  mown.  Whereas,  if  newly  cut 
grass  were  immediately  spread  in  hot  aunsbioe,  the  leaves  would 
speedily  be  scorched  to  such  an  extent  that  circulation  of  moisture 
within  them  would  cease,  and  tntnspiiation  of  moisture  from  theii 
pores  become  impossible.  After  the  physiological  appliances  for  i»- 
moving  water  have  been  destroyed  in  this  way,  the  moisture  in  the 
Stalks  can  only  escape  by  way  of  simple  evaporation,  and,  as  that 
process  is  necessarily  alow,  there  would  be  danger  of  carrying  to 
the  mow  hay  that  reoUy  contained  a  lai^  amount  of  water  in  its 
Btalke,  although  it  might  seem  to  be  tolerably  dry,  to  judge  merely 
by  the  crispiness  of  the  leaves.  In  this  point  of  view,  tha  ideal 
plan  of  hay-making  would  be  to  spread  the  mown  grass  out  thin, 
and  let  it  wilt  "just  enough,"  but  no  more  than  enough,  and  then 
to  put  it  into  windrows  or  little  eock^  to  that  the  leaves  might 
continue  to  draw  moisture  &om  the  stems.  Many  farmere  assert 
that  hay  which  has  beeu  cured  in  this  way,  by  being  allowed  to 
stand  in  the  cocks  two  or  three  days,  always  keeps  better  th&a  that 
made  by  spreading  the  gntss. 

Naturally  enough,  in  trying  to  make  hay  in  this  way,  it  often 
happens  that  mote  or  less  fermentation  will  occur ;  and  many  form- 
era  appear,  indeed,  to  confound  this  accidental  fermentation  with 
the  true  sweating,  and  to  regard  it  as  on  essential  feature  of  the 
system  of  making  hay  in  cocks.  At  all  events,  there  are  many 
practical  men  who  maintain  that  faay  which  baa  undei^one  a  touch 
of  fermentation  during  the  sweating  process  is  sweeter  and  more 
palatable  than  hay  which  has  been  merely  dried.  Some  of  tbem 
have  even  gone  so  far  as  to  questloD  the  utility  of  drying  grass  by 
artificial  heat,  suppoung  it  more  practicable  to  do  so  with  economy, 
as  the  English  have  striven  to  do  of  late  years.  But  the  proper 
argument  in  this  case  is  clearly,  that,  not  fermentation,  but  a  true 
sweating  out  of  moisture  from  the  stalks,  bod  better  precede  ths 
process  of  artificial  drying,  in  order  to  get  really  good  hay. 

As  practised  by  extremists,  the  system  of  sweating  is  somewhat 
as  follows.  Hand-mown  grass  is  left  to  lie  in  swaths  vrithout 
spreading  until  it  is  considerably  wilted,  ot,  in  can  the  ocop  it  veiy. 
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heavy,  the  grass  is  spread  Bomewhat.  While  still  warm,  the  wilted 
graaa  is  raked  np  into  cocks  large  enough  to  promote  gentle  "sweat- 
ing," btit  uot  so  large  that  rapid  or  violent  fermentation  may  be 
developed,  for  that  would  be  not  a  little  dangerous  in  case  the 
weather  should  happen  to  become  foul.  After  the  sweating  the 
rule  ia  to  open  the  cocks  into  beds,  and  to  carry  the  hay  to  the  lam 
as  soon  as  it  has  become  diy  enough. 

No  doabt  excellent  hay  can  be  made  by  this  method  of  Bo^alled 
sweating,  in  whicli  more  or  lees  fermentation  is  allowed  to  occur ; 
and  it  is  important  for  beginners  to  grasp  the  conception,  for  the 
weather  may  often  force  the  fermer  to  resort  to  this  process,  or  to 
some  modification  of  it. 

The  importance  of  sweating,  properly  bo  called,  i.  e.  of  allowing 
water  to  transpire  from  the  leaves  of  mown  grass  until  the  stalks 
have  been  sucked  somewhat  dry,  is  seen  most  distinctly  in  the  case 
of  clover,  which,  as  is  generally  recognized,  needs  to  be  cared  more 
carefully  than  grass.  If  the  attempt  were  made,  in  oui  dry  Ameri- 
can climate,  to  dry  clover  rapidly  by  direct  exposure  to  sunshine, 
the  leaves  would  become  too  crisp  and  brittle  to  be  handled  long 
befote  the  succulent  stalks  were  dry.  Hence  the  importance  of  so 
handling  the  green  clover  that  the  moietura  of  the  stalks  may  have 
time  and  opportunity  to  transpire  &om  the  leaves.  The  same  rea- 
soning will  apply,  of  course,  to  any  specially  succulent  crop  of  grass, 
such  as  a  heavy  growth  of  timothy  cut  young,  millet,  or  the  like, 
more  strongly  than  it  would  to  the  finer  kinds  of  grasses. 

Some  writers  have  held,  and  apparently  with  good  reason,  that 
the  sweating  and  fermenting  process  is  specially  applicable  for  cur- 
ing coarse  and  rough  kinds  of  gmasee.  Not  indeml  the  so-called 
sedges  which  make  up  the  bulk  of  the  bog-meadow  hay  in  Mas- 
sachusetts, for  the  sedges  will  bear  only  a  very  moderate  amount 
of  fermentation,  and  are  readily  spoiled.  But  such  grasses  as  the 
large  Glyceria  and  Agrostie,  the  great  Festuca  gigantea,  and  the 
reed-canary  or  ribbon  grass  (Phalaris),  which  grows  abundantly  on 
the  borders  of  brooks,  and  yields  a  considerable  burden  of  ctmrae, 
rough  hay.  Probably  aucb  grasses  as  these  might  well  be  put  into 
small  cocks  while  they  were  still  rather  green  and  damp,  and  there 
be  allowed  to  sweat  and  ferment  a  little. 

It  wotdd  seem  to  be  plain  that  the  roughness  and  coarseness  of 
the  grass  m%ht  be  diminished  by  a  small  touch  of  fermentation, 
and  that  the  hay  might  thereby  be  made  more  palatable  to  cattle. 
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Bat  it  ia  qneationable  whether  there  is  uaj  tnth  in  the  idea,  which 
man;  people  have  held,  that  the  woody  fibre  in  ooane  hay  is 
changed  amd  improved  chemically  by  the  fermentation,  eo  that  it  is 
not  only  moi«  palatable  to  stock,  but  actaally  more  nutritioos.  In 
general,  it  may  be  said  that  the  sweating  process  is  a  valuable  re- 
source  for  dealing  with  sncculent  hay,  as  well  as  for  treating  any 
kind  of  hay  when  the  weather  will  not  permit  it  to  be  made  in  the 
ordinary  manner.  But  too  much  stress  must  not  be  laid  on  the 
necessity  of  actual  fermentation,  for  there  is  really  no  need  of  ib 
Several  good  Wayt  of  making  Hay. 

It  IB  well  to  Tecognise  the  &ctB  that  very  good  hay  may  be  made 
by  eeversl  different  methods,  and  that  the  whole  subject  of  hay- 
making ia  so  dependent  upon  weather  and  climate  that  it  is  praott- 
cally  impossible  to  lay  down  precise  nilee  of  conduct.  In  the  rainy 
uplands  of  Bavaria  the  grass  is  dried  upon  little  racks,  such  as  are 
used  for  curing  bean  vines  in  New  England ;  i.  e.  the  hay  is  piled 
upon  little  poets  with  cross  pegs,  so  that  a  large  anr&ce  of  it  shall 
be  exposed  to  the  air.  The  same  practice  is  said  to  prevail  in 
Switzerland,  and  in  many  other  mountainous  districts  in  Europe, 
where  the  ordinary  system  of  making  hay  on  the  aurfece  of  the 
ground  would  be  impracticable,  because  of  wellnigfa  incessant  small 
showers  that  keep  the  land  wet.  In  Loudon's  Encyclopedia  of 
A^culture,  there  are  figures  of  these  racks  as  used  in  Sweden,  and 
on  the  islands  at  the  north  of  Scotland. 

"Sealing"  of  Balf-eurei  Bay. 

The  warmth  developed  in  cocks  of  bay  as  soon  as  fermenta- 
tion begins,  and  which  is  really  due  to  chemical  action,  must  not 
be  confounded  with  the  natural  warmth  which  is  retained  by  the 
cocka  and  windrows  into  which  hay  that  is  being  made  by  the 
ordinary  processes  is  raked  every  afternoon.  One  chief  object  of 
these  windrows  and  cocks  in,  that  they  serve  to  hold  a  good  pari 
of  the  warmth  that  is  raked  up,  w  to  speak,  in  the  half-cured  hay. 
They  hinder  the  hay  from  cooling  off  during  the  night,  so  that  it 
shall  he  all  ready  to  b^n  to  dry  the  moment  it  ia  spread  in  the 
morning. 

Of  coniae,  if  the  cocka  of  half-dried  hay  are  left  too  long  unopened 
they  will  ferment,  L  e.  they  will  "  heat."  In  a  word,  chemical 
changes  will  set  in,  and  heat  will  be  developed.  It  is  not  easy  in- 
deed to  distinguish  very  clearly  between  the  natural  warmth  which 
ia  raked  up  in  the  hay,  and  the  heat  due  to  chemical  changes  which 
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eucceeda  it,  foi  the  two  kinds  of  heat  shade  into  one  another  inaen- 
aibly,  and  it  will  often  happen  that,  long  before  the  natural  warmth 
has  exhaled  bom  the  cocks,  the  chemical  warmth  will  be^in  to  be 
developed.  It  is  easy  enoi^h  however,  to  conceive  of  the  two 
sources  of  heat,  and  to  hold  the  concepttons  apart. 
Utiiity  of  Han  Capg. 

One  advantage  gaiaed  by  the  use  of  hay  caps,  as  applied  to  pro- 
tect the  cocks  during  the  nigbt,  is  that  they  hold  in  the  raked  up 
warmth,  and  keep  the  bay  ftooi  cooling  off  during  the  ni^b  Tbiis 
it  happens  that  the  hay  not  only  improves  a  little  as  to  dryness 
during  the  night,  but  is  all  ready  to  dry  rapidly  when  the  cocks  aro 
agaia  exposed  to  air  and  sunshine,  on  being  opened  in  the  morn- 
ing. All  this  as  a  normal  ur  cunstaut  beuetit,  let  alone  the  advan- 
tages that  are  derived  from  the  cape  in  case  light  rains,  or  even 
heavy  rains,  should  full  before  the  cocks  are  again  opened.  The  caps 
keep  dew  &om  setthng  upon  the  hay,  moreover,  and  thua  prevent 
the  loss  of  aromatic  niatteia  that  would  occur  if  dew  were  to  dry  off 
from  the  hay. 

There  cou  be  no  question  as  to  the  very  great  merit  of  hay  caps 
when  properly  used.  They  are  nothing  but  square  pieces  of  stout 
cotton  cloth,  which  are  thrown  over  the  codes  at  nightfalL  In 
order  that  the  cloth  may  be  kept  in  place,  it  has  wooden  p^ 
attached  to  each  of  its  four  comers ;  and  these  pegs  may  either  be 
driven  into  the  ground,  or  pushed  into  the  cock  itself,  occoiding 
as  time  presses  or  not,  and  according  to  the  sice  of  the  cock  and  the 
«tate  of  the  weather, 

Dew  hringt  Spora. 

With  regard  to  the  exclusion  of  dew,  it  is  not  alone  its  power  to 
carry  off  aroma  that  should  be  considered.  When  dew  "  falls,"  it 
tnnst  tend  to  carry  with  it  any  particles  of  solid  matter  that  may 
happen  to  be  in  the  air  from  which  it  la  deposited,  and  in  this  way 
the  spores  of  fungi,  such  as  would  cause  the  hay  to  mould,  an  put 
upon  it.  Several  naturalists  have  proved  that  this'  result  doee  actu- 
ally occur,  by  hanging  glass  jars  full  of  ice  in  tbe  fields,  collecting 
the  liquid  which  is  deposited  upon  them,  and  examining  it  with  tbe 
microscope.  There  can  be  no  question  that  many  of  the  organisms 
thus  deposited  in  dew  are  liable  to  produce  hurtful  decompositions 
of  the  hay,  especially  in  case  it  should  remain  damp,  or  become 
damp,  and  it  is  plsin  that  the  fewer  of  theae  organisms  get  into  tbe 
hay,  the  better  it  will  be  for  tbe  iarmer.     It  might  readily  happen. 
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iiidee«l,  that  many  of  the  spoies  that  &11  upon  dead  grass,  L  e.  upon 
half-cnnd  lujr,  would  take  loot,  aa  it  were,  ui  that  situation,  oud 
grow  at  onoe,  although  their  predeceeBois  that  had  been  filing  con- 
tinually upon  the  liring  gnss  might  not  have  found  there  any  fit 
abiding-place. 

Thirty  odd  yean  ago,  when  hay  caps  firat  cams  into  use,  they 
were  h^lad  with  acclamation ;  but  they  soon  received  a  very  seven 
check,  &om  which  they  have  never  recovered.  The  price  of  cotton, 
namely,  was  bo  b^h  during  the  war  of  the  Bebellion  that  few  peo- 
ple could  afford  either  to  buy  it  or  to  keep  it  for  oidinary  purposes. 
Hay  cape  are  unpopular  withal  among  hired  laborers,  who  slight 
them  and  deprecate  their  use. 

In  reality  they  cause  very  little  extra  labor  or  trouble,  provided 
the  ropes  to  which  the  pegs  are  attached  are  thick  enough  and  stiff 
enough  not  to  snaiL  In  spite  of  all  drawbacks,  it  is  unquestionably 
true  that  hay  cape  do  quickly  and  constantly  repay  tbeii  cost  and 
the  trouble  of  using  them,  especially  on  forms  where  hay  is  made 
to  be  sold.  Eventually,  no  doubt,  hay  cape  will  be  prepared  from 
cloth  which  has  beeu  tanned,  as  sails  are  in  damp  climates,  ox 
otherwise  treated  with  chemicals,  so  that  it  shall  be  preserved  horn 
deterioration  through  mildew  or  decay. 
Brown  Hay. 

Beside  the  plan  of  having  hay  undergo  in  the  ""tleing  some  slight 
fermButation,  in  connectiou  with  the  true  sweating,  there  is  another 
much  more  emphatic  oonoeptiou  put  in  practice  in  the  process  of 
making  brown  hay,  so  called.  This  is  a  process  which  is  dependent 
upon  decompositioiis  that  are  a  good  deal  more  than  incipient ;  but 
which  has  nevertheleas  found  favor  in  many  districts,  especially 
in  countries  where  the  weather  can  never  be  depended  upon  for 
making  hay  by  the  nsual  process. 

In  making  brown  hay,  most  of  the  water  of  the  grass  is  driven 
off  by  the  heat  of  fermentation,  only  about  a  third  of  the  original 
moisture  being  dried  off  by  sun  and  air  in  the  fiist  place.  Tar  from 
seeking  to  bring  the  hay  into  contact  with  the  air,  the  chief  care  in 
this  process  is  to  exclude  air  from  the  hay.  Tor  making  brown 
hay,  grass  that  has  been  wilted  to  such  an  extent  that  the  leaves 
have  shrivelled,  although  the  stalks  are  still  plump,  is  heaped  up 
eitlier  in  rather  large  masses,  or  in  smaller  heaps  that  have  been 
trodden  in  such  wise  (hat  the  dr  shall  be  welluigh  or  altogether 
oxdoded  from  the  interior  of  the  heap.    Under  these  ccmditiom^ 
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fennentation  sooa  sets  in,  and  pioceeda  with  &  good  d^;ree  of  rep- 
lant;. In  the  course  of  it  the  heap  becomes  very  hot,  ofbea  as  hot 
as  the  tempeTatnre  of  boiUng  water ;  the  hay  takes  on  a  deep  brown 
color,  and  gives  off  an  odor  of  csnmel  or  burut  sugar. 

In  point  of  fitct,  aome  of  the  constituents  of  the  haj  mtdergo 
the  well-known  fermentations  which  chemists  distinguish  as  the 
"alcoholic,"  the  "lactic,"  and  the  "butyric";  in  other  words,  a 
considerable  part  of  the  carbohydrates  in  the  hay,  notably  the  augar 
and  the  dextrin,  are  changed  to  alcohol,  carbonic  acid,  and  lactic 
and  butyric  acids.  Of  coniee,  a  considenble  proportion  of  the  carbo- 
hydrates are  destroyed  by  these  changes.  The  large  amount  of  heat 
that  is  developed  comes  from  the  destruction  of  these  things.  Some 
penons  bare  thought  that  enough  heat  is  developed  to  kill  the 
germs  of  hnrtful  fungi  which  may  have  existed  upon  the  grass,  and 
that  the  hay  is  thus  protected  from  mouldiness  and  from  pntrefitc- 
tion.  More  probably  it  is  the  copious  evolution  of  carbonic  add 
during  the  fermentation,  and  the  lactic  acid  formed,  which  hinder 
the  development  of  the  microdemes  that  cause  putrafaction. 

Brown  hay  that  has  been  properly  prepared  is  greedily  eaten  by 
cattle,  and  readily  digested  and  utilized  by  them.  Since  the  fer- 
mentation destroys  a  larger  proportion  of  the  carbohydtatea  of  the 
grass  than  of  the  albuminoids,  it  follows  that  brown  hay  must  be  a 
somewhat  more  highly  nitrogeuized  food  than  ordinary  green  hay. 
This  may  at  one  time  have  been  a  reason  for  making  brown  hay 
th^  can  no  longer  have  so  much  foroe  as  formerly.  At  a  time  wh^ 
the  former  could  not  readily  procure  nitrogeuized  foods  by  porchase^ 
he  might  have  have  had  an  incentive  for  getting  such  food  in  the 
form  of  browo  hay.  But  this  excuse  would  no  longer  be  a  valid 
one  in  the  &ce  of  abundant  supplies  of  bran,  oil-cake,  and  cotton- 
seed meal,  that  are  obteinable  in  every  market  nowadays. 

There  is  a  certain  anal<^  between  brown  hay  and  black  tea. 
Black  tea  is  made  from  the  same  kinds  of  leaves  as  green  tea,  and 
the  leaves  are  plucked  at  the  same  stage  of  their  growth.  But  t(a 
making  black  tea  the  leaves  are  fermented  in  heaps  before  drying 
them,  while  for  green  tea  the  leaves  are  dried  directly. 

The  real  justification  for  making  brown  hay  is,  that  the  farmer 
becomes  independent  of  climate,  and  that  even  very  weedy  grass 
may  be  saved  in  this  way  in  the  worst  of  seasons.  Much  labor  is 
required,  of  course,  in  raking  np  and  carrying  the  heavy  green  grass. 
The  loss  of  dry  organic  matter  in  making  brown  hay  is  luge.    Prob- 
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ably  it  is  never  less  than  14  or  15%  of  that  originaUy  contained  ia 
the  giaae,  and  it  is  frequently  mactt  larger  than  this. 

Instead  of  making  brovn  hay,  grass  may  be  trodden  into  pita 
and  converted  into  ensib^,  much  in  tbe  some  way  as  is  done  vith 
fodder  com.  Tbis  process  also  is  commended  for  weedy  bay  and 
for  rainy  i^ons,  in  case  a  long-continued  spell  of  wet  weather  puta 
off  tbe  hay  harrest  until  there  is  a  risk  that  the  grass  may  get  over 
ripe  before  any  chance  shall  occni  for  making  it  into  hay  by  tbe 
ordinary  methods  of  drying.  For  saving  rowan  also,  in  the  short 
days  of  Iste  autumn,  silos  may  serve  a  highly  useful  purpose,  espe- 
cially if  the  weather  happens  to  be  wholly  unfit  for  hay-making. 
Dryneu  of  Bay  i^ttn  ttcrtd. 

Practical  men  attach  mnch  importance  to  the  putting  of  hay  in 
the  bam  at  a  time  when  it  is  in  proper  condition  in  respect  to  dry- 
ness; i  e.  at  a  moment  when  it  is  neither  too  damp  nor  yet  over 
dry.  It  is  held  ss  a  tenet  of  faith  in  New  England,  that  for  mak- 
ing bright,  sweet,  and  sslable  hay  it  is  best  to  dry  the  grass  in 
the  field  no  more  than  is  necessary  for  the  perfect  preservation  of 
the  hay  in  the  mow.  It  eeems  to  be  pretty  well  agreed,  that  hay 
keeps  best  when  it  is  put  in  the  mow  in  such  a  condition  of  dry- 
nees,  or  rather  of  moistness,  that,  on  being  trodden,  it  will  settle 
-  down  upon  itself  into  a  firm,  compact  mass ;  it  being  understood 
of  conrse  that  the  bam  is  airy  and  well  ventilated.  It  is  said  that 
bay  which  has  been  over  dried  in  the  field  will  not  settle  down  in 
this  ivay,  particularly  if  it  shonld  happen  to  be  coarse,  but  will  r&- 
main  comparatively  loose  and  porons,  so  that  air  has  mncb  readier 
access  than  is  desirable  to  the  interior  of  the  heap.  So,  too,  tbe 
carbonic  acid,  which  is  always  generated  in  considerable  quantities 
in  mows  or  stacks  of  new  hay,  will  escape,  perhaps  more  readily 
than  might  be  for  the  best. 

■  It  would  appear  that  there  are  two  dangers  to  be  guarded  against 
in  storing  hay  :  1st.  The  possibility  of  too  pronounced  chemical 
action,  snch  ss  would  occur  in  case  there  was  too  much  moisture  in 
the  hay  when  it  was  put  in  the  mow.  In  that  event  the  hay  would 
"heat"  unduly,  and  become  mouldy.  2d.  Snch  undue  expulsion 
of  the  original  moisture  as  would  waste  the  aromatic  principles  and 
prevent  the  hay  from  ripening  properly  in  the  mow.  It  is  a  common 
opinion  that  animals,  horses  in  particular,  will  eat  hay  made  from 
inferior  kinds  of  grasses  much  more  readily  in  the  autumn,  when  it 
is  comparatively  speaking  fresh,  than  tbey  will  in  winter  and  spring, 
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aiWr  it  haa  beeQ  longer  in  store.  Ab  the  brmers  say,  such  baj  is 
ttaiXj  good  fodder  before  the  sap  has  all  gone  out  of  it.  One  eipkoa- 
tiou  of  the  use  of  salt  in  hay-making  is,  that  it  peimita  the  hay  to  be 
Btored  in  a  duly  mobt  condition,  —  moister  than  one  might  care  to 
store  it  if  no  salt  were  at  hand.  It  would  appear,  in  general,  that 
while  hay  that  ia  fit  to  he  housed  should  not  feel  damp  to  the  haiid, 
it  should  not  by  any  means  be  dry  enough  to  be  brittle,  so  that  it 
would  break  easily  on  being  bent. 

Some  Mew  England  &rmets  like  to  pile  a  quantity  of  poor  bog- 
meadow  (sedge)  hay  upon  their  mows  of  £lngliah  hay,  with  the 
idea  that  the  whole  of  the  English  hay  shall  be  compressed,  and 
the  upper  sur&ce  of  it  be  protected  from  air  and  from  the  conden- 
sation of  moisture  that  is  generated  below  during  the  sweating  pro- 
cess. In  this  way,  the  English  hay  is  made  to  sweat  propedy,  even 
to  its  uppermost  layer,  and  the  warmth  of  this  mild  fermentation, 
extending  even  to  the  top  of  the  hay,  expela  the  moisture  which 
might  otherwise  condense  there.  In  bay  thus  covered  and  com- 
pressed, the  carbonic  acid  resulting  from  the  fermentation  would  be 
apt  to  saturate  the  good  hay  completely,  and  hinder  the  fermentation 
from  passing  into  an  injurioas  form. 

Old  oTtd  New  Wayt  of  Mowing. 

Formerly,  in  the  days  of  scythes,  the  ordinary  method  of  dealing 
with  the  not  very  heavy  crops  of  grass  in  Mew  England  was  to  mow 
very  early  in  the  morning,  to  spread  the  mown  grass  as  soon  as  the 
dew  had  dried  off  the  ground,  to  turn  it  on  occasion,  and  to  rake 
it  up  and  cock  it  in  the  afternoon  before  dew  bad  begun  to  fiJl. 
Mext  day,  the  cocks  were  opened  into  beds  as  soon  as  the  ground 
bad  become  dry  and  wann,  the  beds  were  turned  at  eleven  o'clock 
or  so,  and  the  hay  was  carried  to  the  bam  before  it  had  become  dry 
enough  to  crumble. 

Many  farmers  dwell  on  the  importance  of  housing  hay  tolenbly 
early  in  the  afternoon,  while  the  hay  is  still  warm  with  the  sun's 
heat,  so  that  the  process  of  curing  may  go  forward  in  the  mow 
without  interruption. 

In  contrast  with  the  forgoing  plan,  the  work  is  oi^n  arranged 
nowadays  so  that  fresh-cut  grass,  and  not  the  nearly  cured  hay, 
shall  be  left  in  the  field  over  night.  That  is  to  say,  the  gross  is  out 
with  the  mowing-machine  at  five  or  six  o'clock  in  the  afternoon,  or 
earlier,  if  much  hay  is  to  be  cut,  and  left  over  night  where  it  falls. 
Next  day,  by  stirring  it  freely,  it  will  be  ready  to  house  in  the  ailcr- 
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noon  if  the  weather  ia  fair.  The  argnment  is,  that  grass  thus  cat 
rests  upon  warm  ground  during  the  night,  and  gets  tlie  fiiat  lays  of 
the  sun  in  the  morning,  whereby  dew  ia  quickly  dried  off,  and  trans- 
piration of  moieture  from  the  leaves  is  promoted.  Having  become 
somewhat  wilted  in  this  way,  the  grass  dries  rapidly  in  the  heat  of 
midday.  Moreover,  in  case  foul  weather  should  set  in  during  tha 
night,  the  grass,  being  still  green,  would  suffer  little  harm.  By  this 
plan,  again,  some  labor  in  cocking  and  capping  is  saved. 

Formeriy,  when  soythea  were  used  altogether,  there  was  an  ad- 
vantage in  working  very  early  in  the  morning,  since  it  was  easier 
to  mow  when  the  grass  was  plump  with  moisture  and  wet  with 
dew ;  but  there  is  said  to  be  no  such  strong  incentive  to  go  out 
early  with  the  machine.  Indeed,  it  is  one  advantage  to  be  credited 
to  the  machine,  that  it  gives  the  farmer  opportunity  to  avoid  dew 
altogether,  and  to  keep  clear  from  the  injurious  lifting  power  of 
that  agent.  Instead,  therefore,  of  proceeding  in  the  manner  first 
described,  the  plan  is  modified  nowadays  so  that  the  grass  is  cat 
with  the  machine  after  the  dew  is  well  off  it  in  the  morning,  then 
turned  repeatedly  with  a  horse  tedder  and  put  into  the  bom  before 
night,  if  the  day  is  a  good  hay-ilay. 

If  everything  were  propitious,  the  work  would  be  arranged  some- 
what as  followa,  Uow  with  the  machine  until  the  middle  of  the 
forenoon,  then  change  the  horses  from  the  machine  to  a  tedder,  and 
go  over  the  field  three  or  four  times  therewith.  If  the  day  ia  fair, 
the  hay  may  be  boused  late  in  the  afternoon.  The  enormous  gain 
in  thus  using  machinery  is  palpable.  Fair  weather  may  be  utilized 
to  the  utmost.  Whenever  there  is  a  good  hay  day,  it  can  be  put  to 
thoroughly  profitable  use.  The  making  of  hay  in  one  day  in  this 
way  is  common  enough  in  Massacbosetta,  excepting  immediately 
upon  the  sea-coast,  but  it  ia  none  the  lees  true  that  excellent  weather 
and  a  not  too  heavy  stand  of  grass  are  essential  conditions  to  suc- 
cess, unless  indeed  the  grass  is  overripe  when  cut.  If  the  crop  is 
heavy,  or  the  weather  damp,  a  second  day  will  be  needed.  Both 
the  kind  d  grass  and  the  condition  of  ripeness  at  which  it  ia  cut 
are  very  important  considerations.  Young  grass  dries  slowly,  while 
that  which  is  mature  needs  to  be  cured  but  little.  If  there  is  clover 
among  the  grass,  the  process  of  diying  will  need  to  be  somewhat 
different  from  that  proper  for  grass  alone. 

There  are,  in  short,  two  or  three  good  systematic  ways  of  making 
hay,  one  oi  the  other  of  which  is  to  be  preferred,  according  to  cir- 
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cumaUnceB.  1st.  The  graaa  msy  be  mown  in  the  momiiig  turned 
often  to  dry  it  as  rapidly  as  possible,  and  honsed  before  night.  Or, 
2d.  Tbe  grass  may  be  cut  in  the  morning,  kiraed  at  midday,  and 
put  into  cocks  before  the  dew  falls  and  while  tbe  hay  is  stiU  wann. 
Next  day  the  cooks  will  be  opened  into  beds,  which  will  be  tamed 
in  due  conise.  In  good  weather  the  bay  will  be  ready  for  tbe  bam 
early  in  the  afternoon.  Or,  3d.  How  in  the  late  afternoon,  and 
spread  and  house  next  day,  as  was  said. 

Compotition  of  Grau  at  different  Siaffa  of  OroteA. 
The  chemical  history  of  the  growth  of  several  of  the  cultivated 
grasses  has  been  studied  by  Professor  Collier,  of  the  U.  &.  Depart* 
ment  of  Agriculture,  as  will  sppear  from  the  following  tables.  For 
the  sake  of  closer  comparison,  the  hay  is  sopposed  to  have  been 
completely  dried,  at  212°  F.,  in  each  instance.  Tbe  samples  were 
of  timothy  (Phleum  pratenae),  taken  from  old  fields. 

At  WuBUrann,  D.  C 

epllia        SpllH        Befnr*        BuIt  ynll  Eartr 

InvlilblB.    Tlilbla.      BlDDDi.      Koaom.     Bloom.  fl«2 

Alh 8.68         e.a        9.89        S.Ot  6.SS  10.53 

Nitmgeiious    tuatten 

(equal  N  X  6.25}    .     .     12.R4      11.90      10.33      10,30  S.BO  12.10 

CftTbohjdratM  ....     ISi.Sl      67.29      6*.1»      67.31  68.98  60.07 

Crnda  cellnloss     .    .    .    ie.91      S1.08      S2.0S      S2.70  21.B8  23.90 

Fit,  to. 4.69        8.tQ         3.83      _  3.8S  _  S,S8_  8.40 

100.00     100.00     100,00     100.00  100.00  100.00 

Kitrofiea 2.01        1.S9        l.SG        1.98  1.58  1.S3 

Non-albunrfuoid  nitrogen      0.70        0.6S        0.89        0.80  0.38  O.Sl 
Per  cant  of  tht  nitrogen 
th&t  waa  {□  the  form  of 

uon-alliuminaid niatten    85.00      29.60      21.80      1S.40  S4.00  SS.M 

Water  in  the  green  graaa    70.70      71.90      97.60      64.90  97.20  87.80 

I>  Biir  BUvrewBi.* 

Sks         Bplke           Ib  Alia  Eu(j 

Ibl*.     nubli.       Bloon.    Bkanm.  Bond. 

Ash 5.19        4.73        4.57  S.B8  S.SO 

SitroKenoni matten  [csH  X6.2(>)      9.0(1        9.61         6.79  6.25  6.41 

Carbohydrates 67.09      66.10      57.19  68.72  62.50 

Cmd«  cellnloM 23.48      26.84      2S.28  28.09  26.03 

Fat,  4c. 4.90        4.22        4.20  8.23  2.70 

100.00    100.00    100.00  100.00  100.  on 

Kitrogen 1.66        1.64        0.93  0.84  0.87 

Kon-Blbaminoid  nitmgen  .  .  .  0.80  0.45  O.IO  0.16  0.18 
Per  cent  of  the  nitrogen  in  form 

of  non-albaminoid  mattsn ,      .     19.40      29.20      10.80  17.90  20.70 
*  Ths  asmpla  from  New  Hnmpahire  iraa  grown  upon  a  mncb  poorer  soil  than 

that  from  Washington,  which  had  heen  liberally  mannred.  The  IncrMse  of 
the  nitmgenous  constituenta  in  the  Wanhlngtori  hay  late  in  life,  recalls  the 
eimilnr  fact  in  the  case  of  Arendt's  well-fed  oat  plants. 
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Other  analyses  of  timothy,  eubsequently  reportwl  by  Mr.  C.  Bich- 
kkIbod  of  the  U.  6.  Department  of  Agriculture  on  given  in  the 
foUowing  table. 

Bncmni  r>OK  Wiannorrai,  lit  Tur*!  Orowlli. 
Haid  out.  Id  BIdoiti,  Aflar  Bloom,  Altar  Bloom, 
W  cu.  ht^.        7fl  en.  U  cm.  Tt «». 

Adi 8.6B           7.16  e.G2  fi.SS 

IIitR«Ba<Humktten<=NX6.2S)11.1G         10.99  8.7i  8.18 

CubahfdntM 17.22         S0.03  61.79  6S.3S 

Cnideceliolou 23.9S          27.SS  28.28  S7.0S 

Fat,  && 0.10           4.47  4.89  8.72 

Nitrogan 2.26            1.76  HO  1.27 

Non-Blbnininaid  nitrogen      ■    .      D.8B           O.Sl  0.26  0.16 
Par  cent  of  the  nitrogen  in  form 

of  non-albuminoid  nuttera      ,     17.S0         29.10  17.90  11,80 

W>tcT in  tlte  green  gnm  .    .    .    78.56        SS.76  66.83  C8.86 

Braounn  wtou  Iiraiu^  ftou  lUxtLuiD.* 

Head  not    Btron           lo         After  Eir^  In 

ouC        Bloom.     Bloom.    Bloom.  Seed.  BJwm. 

Aiih 7.94        7.64       7.0C      6.63  6.9S  4.98 

KltrogtnonB    mntten 

{=  NX  6.26)    .     .     10.S7        7,30        6.62      6.67  4.84  7.69 

CarbohTdrates  .    .     .     19.93      6S.84      62.S9    63.98  60.77  02.83 

Grade  cellulose      .    .     20.19      29.66      82.20    31.32  24.70  B0,<3 

Pet,  «<J 1.97        2.27        2.18      2.S5  8.74  4.22 

Nitn^en      ....      1.7S        1.25        0.83      0.8»  0.78  1.23 

Non.albaniinDiduitrogenO.18       0.23       0.00      0.03  0.00  0,16 
Per  eent  of  the  nitro- 
gen in  form  of  non- 

albaminoid  uwttere     10.80      22.40       0.00      8.60  0.00  12.20 
'Water  In  the  green 

gnse 70.00      07.50     04.50    66.80  63.00  84.00 

It  vill  be  noticed  that  theae  aualysea  give  comparisone  of  grasses 
Thicb  hod  been  grown  under  varied  conditions,  and  that  they 
illustrate  the  familiar  truth  that  plants  grown  on  poor  land  are  apt 
to  contain  less  nitrogen  than  those  grown  upon  soils  that  have  been 
richly  monnred.  It  is  also  noteworthy,  that,  while  the  amount  of 
nitrogen  in  the  samples  of  hay  from  New  Hampshire  and  Maryland 
was  much  lower  than  in  the  hay  from  the  highly  manured  land  at 
'Washington,  it  was  lower  still  in  the  hay  tliat  came  from  Indiana. 
That  this  Indiana  hay  had  in  general  been  poorly  nooriahed 
•eems  evident  &om  the  high  percentage  of  cellulose  and  the  low 
percentage  of  faX  which  wei«  contained  in  it.  The  Indiana  bay  dif- 
*  Onwd  Dpon  a  poor,  old  field. 
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fered,  moreoTer,  from  tbs  other  samples,  is  that  thera  was  ao  non- 
albuminoid  matter  in  it  when  it  was  mature.  All  the  nitrogenous 
constitueats  in  that  grass  were  converted  iuto  albuminoids  diuiiig 
the  process  of  ripening. 

The  results  of  these  analyses  enforce  anew  the  lesson  as  to  the 
Tery  great  iufluence  which  is  exorted  by  soil  and  climate  upon  the 
development  of  crops,  particularly  as  to  the  times  and  stagea  at 
which  their  constituents  may  undergo  changB.  Some  other  exam- 
pies  of  analyses  ot  grasses,  selected  from  Prof  Collier's  lepoits,  are 
given  in  the  following  tables. 

Bd-tot  (Auumii  tdlubu)  obowv  it  WuBHionni,  D.  C 


Wn(Nxa.lG)  IS-ia  Un  I3-T8  IIU  lO.U  9  47  B.M 

Oubeh^drmla   .  ESaa  H.1B  MM  MS  SOJU  I8.8S  IlSt 

Onutoa^okw.  20  >T  ».S1  ilM  93.01  IB  48  SOSS  Sl.Tt 

Int.Ao.    .    .    .  S.TT  *M  S.a  IBT  tbl  1.K  t.T4 

Nltnsni  ...  3.11  tU  I.M  l.TS  l.«I  1^  1.41 


DitnsiD   .  .    o.ea     D.n     o.u     0£s    om   cis     o.w       as       aa 

Par  aal  irf  thi  nlttogaB 

In  fonn  of  iKHi4]bii- 

ulnolil  lutton    88.90     Sa.TO     MtD      8D.10   SLflO    U30        ElO         1T.80         KLIO 
WiMilDthafnMi 

gnu ....    STBO     «6.t0     70.10      81.40    62.80    G1.60      Sr.CO         «8JD         WM 

Oaouko  QUM  (DunrLU  auiinsiTA),  raoH  ViJUiaima,  D.  C.,aoa(i  Boil. 


Pulela  Pinlel*  TgR  Aflw 

10,39  B.3S  e.OT  S.OI  8.04  8.00  8.71 

n<Nx8JG)     15  »7  10  89  9U  SA  IlGl  S.fl  T.80 

CHtefaTdnitM GO.BS  £6  04  SSTfl  fi3.SG  GO.W  GTS4  G7M 

Crada  siUiikM 18  70  SB  IB  18  40  97  K  34  87  Mfl  BDl 


»«!  mlbunlMid  altncni     .    .      1.01  OSt  018  0.33  0.7T  0.41  D.tt 
IVr«ntortlMniiro(aD  la  Um  hirm 

orooB^lbBiiilnoldiulUn     .    40  80  18.40  10.80  SOO  S8.TD  80.40  88.80 

W>Uc  la  U» !»« ina .     .    ,    7830  70.80  TiS)  78.GD  80.90  OOJO  S1.S> 

The  regularity  of  the  increase  of  aome  of  the  constitnents  of  the 
orchard  grass,  and  of  the  decrease  of  others,  was  very  marked,  both 
in  early  and  in  late  growth.  Non-albuminoid  nikc^nons  mattera 
tended  to  disappear  in  middle  life,  and  to  reappear  afterwards 
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during  the  ripening  of  the  aeed.  They  are  subject  to  great  and 
evidently  rapid  changes  at  the  time  when  the  grass  is  in  hloaeom,  aa 
will  ^peai  from  the  following  table  of  other  analyses,  by  Collier,  of 
orchaTd  gross  from  various  localities,  wiiich  is  given  more  particu- 
larly to  illuatnte  the  inflnence  which  soil  and  climate  may  have 
upon  chemical  composition. 

OacHASD  GusB  IS  Eaxlt  Bloom. 


LOMU^. 

AMb. 

Mtrog. 

CHbOllT 

Call. 

Fni,ke 

Nitro- 

Non- 
.Ib. 

« ors. 

KxeJS). 

N. 

NoiMlb. 

Diit.  Colambia 

8.81 

12.61 

60.80 

24.67 

8.9S 

1.99 

0.77 

S8.7 

North  Cudins 

8.90 

10.29 

62.16 

21.97 

S.68 

1.61 

0.68 

89.1 

FcTLL  Bloom. 

North  Cwolina 

7.« 

B.Bl 

66.08 

23.08 

8.66 

1.58 

0.80 

19.0 

DiaU  ColnmbU 

8.07 

e.G3 

GS.7S 

36.40 

S.21 

1.68 

0.16 

10.6 

Maine     .    .    . 

8.02 

8.74 

6*.80 

26.0S 

8.39 

1.40 

0.36 

25.7 

Sixt.  Columbia 

6.M 

8.62 

67.84 

21.42 

8.62 

1.38 

0.42 

80.4 

d.S3 

8.G6 

64.9* 

27.51 

2.66 

1.87 

0.61 

87.2 

Hew  Hatopshiw 

B.U 

8.« 

6*.7S 

24.91 

3.4S 

1.85 

0.42 

80.9 

Average  oF  earl^ 

bloom      .    . 

S.71 

11.  iO 

61.18 

21.82 

ass 

1.80 

0.70 

88.9 

Avenge  of  fuU 

bloom      .    . 

r.as 

8.61 

66.17 

26.19 

8.SS 

1.18 

0.86 

25.2 

From  the  results  of  his  nomeroua  analysee  of  grasses.  Professor 
Collier  concludes  that  usually,  as  a  grass  grows  older,  the  amounts 
of  water,  ash,  fot,  and  albiuuiuoids  that  are  contained  in  it  decrease, 
while  the  amounts  of  carbohydrates  and  of  cellulose  increase.  Non- 
albuminoid  nitn^u  decreases  until  the  time  of  blossoming  or  just 
after  bloasoming,  and  subsequently  increasee  during  the  formation 
of  the  seed.  Many  exceptions  to  and  variations  from  these  rulea 
were  noticed,  however. 

Analogy  of  Gran  to  Oatt. 

In  general,  it  may  be  said  that  the  character  of  a  grass,  like 
timothy,  is  really  so  much  akin  to  that  of  oats,  that  in  all  proba- 
bility one  might  reason  correctly  enough  about  the  grass  crop  from 
what  is  known  of  oats.  It  will  be  remembered  that  Arendt  found 
that  the  largest  rate  of  increase  of  dry  matter  in  his  oat  plants  was 
at  the  tima  when  their  stalks  wera  shooting  up,  and  that  there  was 
another  considei&ble  gain  after  the  time  of  flowering,  while  durii^ 
the  final  period  of  ripening  the  gain  of  dry  matter  was  very  smaU. 
Is  like  manner,  there  is  a  feeling  among  practical  men  in  this  coun- 
try, that  timothy  grass  gains  very  couddorably  in  weight  after  it 
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has  flowered  and  befbie  the  seeds  have  ripened.  Some  obgerron 
say  that  a  crop  of  timothy  hay  may  gain  as  mnch  as  one  third  in 
weight,  if  it  be  left  to  ripen,  over  what  it  would  have  yielded  if  it 
had  been  cut  at  the  moment  of  flowering,  or  just  before. 

Other  InTeetigatora  hare  found  that  the  oat  plant  incieaaeB  Tery 
much  between  the  time  when  the  ear  first  appears  and  the  end  of 
bloBBoming,  the  general  conclusion  being,  tliat,  if  the  crop  is  to  be 
mown  for  hay,  we  can  assuredly  realize  all  there  is  to  be  gained  in 
respect  to  weight  if  ttke  crop  be  mown  when  the  seeds  are  in  the 
milk  or  in  the  dongh,  and  that,  unless  the  mowing  is  delayed  until 
this  time,  or  until  very  near  this  time,  there  will  be  obtained  a 
lighter  yield. 

It  will  be  remembered  that,  in  the  case  of  oats,  there  was  a  par- 
ticularly large  gain  of  dry  organic  matter  at  or  before  the  time  of 
shooting,  in  case  the  crop  had  been  manured  with  easily  soluble 
nitrogenous  fertiliuera,  while  in  the  presence  of  less  active  nitroge- 
nous manures  the  gain  tended  to  appear  at  a  later  pefiod,  —  either 
at  the  time  of  blossoming,  or  sometimes  even  later  than  that.  It  is 
true,  however,  that  a  large  proportion  of  the  iacroase  of  dry  mat- 
ter during  the  period  of  shooting  was  cellulose,  pure  and  simple. 
Arendt  found  twice  as  much  of  this  substance  in  a  given  weight  of 
his  dry  oat  plants  after  the  shooting  as  before.  More  of  the  other 
carbohydrates  also  were  produced  at  the  time  of  shooting  than  at 
any  other  period  in  tlie  life  of  the  plant.  Nitrogeuized  matters 
were  found  in  large  proportion  in  the  young  oat  plants,  and  it  is 
notorious  that  young  grass  is  specially  rich  in  nitrogen;  but,  as  has 
just  been  scud,  it  happened,  as  the  plants  grew  older,  that  celluloea 
and  carbohydrates  increased  more  rapidly  than  the  nitrogenooa  sub- 
stances, i.  e.  during  the  times  of  shootiog  and  flowering. 

Hence  the  advice  that  is  so  often  f^veu,  to  mow  grass  at  the  be- 
giuning  of  flowering,  oi  even  before  flowering,  should  be  taken  with 
many  groins  of  olbwanoe.  It  is  true  th^,  if  grass  be  mown  early 
I  enough,  the  qnahty  of  the  hay  may  be  excellent,  and  that  a  larger 
proportion  of  it  will  be  digested  than  is  the  case  with  late  cut  hay. 
But  these  advantages  would  be  moat  clearly  marked  if  the  ^ima 
were  mown  before  its  stalks  had  shot  up,  i.  e.  if  it  were  mown  at  a 
time  when  the  yield  of  hay  would  be  conspicuously  small ;  and  pre- 
cisely the  same  kind  of  reasoning  will  apply,  though  perhaps  some- 
what less  strongly,  to  gnus  that  is  cat  at  any  stage  short  of  practical 
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Ob/eetiotu  to  attting  Grau  tarly, 

Horein  lies  tlie  objeutioD  to  early  cuttLog,  viz.  th&t,  thoogb  excel- 
lent for  certaia  porpuaca,  the  crop  of  ha;  is  not  Lirge  enough  to 
justify  any  such  sacrifice  of  quantity  to  quality.  It  hu  been  urged, 
at  one  time  or  another,  that,  if  grass  is  cut  when  in  flower,  the 
leaves  will  have  by  that  time  attained  very  nearly  tbeii  full  size, 
that  they  will  hold  fiist  to  the  stalks,  and  that  a  good  part  uf 
the  nutritive  matters,  particularly  the  nitrc^nous  matters,  which 
Ikave  been  elaborated  in  the  plant  to  form  the  seeds,  will  still  re- 
main distributed  pretty  evenly  throughout  the  entire  plant,  i.  e.  ia 
the  stalks  and  leaves.  It  has  been  u^ed  that,  even  at  the  time 
when  the  first  blosaoma  begin  to  appear  upon  timothy,  no  one  part 
of  the  plant  can  as  yet  have  been  much  impoverished  by  the  move- 
ment of  its  constituents  towards  the  seeds  that  are  to  be.  But  as 
bearing  upon  this  point,  it  is  to  be  remembered  that  Ai'endt  noticed 
a  very  remarkable  gain  of  nitrogen  compounds  just  after  the  oat 
plant  had  flowered ;  that  is  to  say,  between  the  actual  flowering  and 
the  first  st^es  of  ripening  of  the  seed.  The  amount  of  nitrogen 
assimilated  at  that  time  by  Arendt's  plants  was  in  &ct  larger  than 
that  taken  in  at  any  other  period.  During  the  time  of  blossoming, 
the  percentage  of  nitrogen  in  the  entire  plant  was  lower  than  at 
any  other  period,  because,  of  course,  of  the  great  amount  of  cellu- 
lose that  had  been  produced  just  before  that  period.  But  the  sub- 
sequent gain  of  nitrogen  was  so  large,  that  the  grain-bearing  plants 
were  one  third  richer  in  nitrogen  than  the  plants  in  flower. 

About  two  fifths  of  the  entire  nitrogen  in  Arendt's  crop  were  takeu 
in  between  the  time  of  blossoming  aud  that  of  partial  ripeness,  wheu 
the  seeds,  though  still  soft,  could  bo  shelled  ;  and  nearly  two  fifths 
of  all  the  organic  matter  of  the  plants  were  also  produced  at  that 
period. 

The  Nuion  that  Ripe  Grata  it  Smet. 

Stress  has  often  been  laid  upon  another  point,  su^eeted  by  what 
happens  in  the  case  of  Indian  com  and  sorghum  plants  as  they  ap- 
proach maturity;  viz.  that  the  ripe  stalks  of  gross  will  naturally  be 
aweeter,  and  will  contain  more  sugar,  than  is  present  in  the  plants 
at  any  earber  period.  It  is  only  when  sorghum  plants  have  come  to 
full  maturity  that  their  stalks  are  really  rich  in  sugar.  It  was  a  fair 
enough  inference  that  some  suqh  increase  of  sweetness  as  this  may 
occur  in  the  other  grasses ;  and  ib  is  not  improbable  tliat  a  more  or 
leas  conscious  appreciatiun  of  this  conception  may  have  bod  consid- 
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erable  influence  in  leading  practical  men  to  prefer  "  ripe  "  grass  for 
hay.  But  on  trying  tu  test  the  accuracy  of  the  idea,  Collier  was 
nnable  to  satisfy  himself  that  it  is  well  founded.  From  a  careful 
study  of  meadow  foxttul  (Alopecurus  pratensis)  at  various  stages  of 
development,  it  appeared  that  sugar  did  not  increase  as  the  age  of 
the  grass  increased.  On  the  contrary,  the  amouut  of  sugar  appeared 
to  decrease  with  age. 

Praclteat  Men  mow  late. 

It  will  he  well  to  consider  in  bow  far  the  chemical  knowledge 
hitherto  acquired  in  respect  to  grasses  cousiats  with  the  habits  and 
opinions  of  practical  men  as  to  the  best  timee  for  cutting  grass. 
The  Romans,  as  Loudon  has  set  forth,  mowed  their  meadows  when 
the  flowers  of  the  grass  had  begun  to  fade ;  and  until  a  very  recent 
period  the  practice  was  universal  to  make  hay  very  late  in  the  sea- 
Bon.  Marshall,  in  his  day,  made  the  capital  puiut  that  the  system 
of  late  mowing  was  a  direct  inheritance  from  the  times  of  common 
fields.  When  there  was  a  common  right  of  pasturage  on  all  mow- 
ing lands  up  to  the  beginning  or  the  middle  of  May,  tho  hay  crop 
would  inevitably  fall  late;  and  when,  in  addition  to  the  spring 
feeding,  the  common  right  of  pasturage  came  in  agun  the  moment 
the  hay  crop  was  taken  off  the  land,  it  was  no  more  than  natural 
that  the  owners  of  the  bay  should  let  that  crop  stand  as  late  as  pos- 
sible, in  order  to  get  the  largest  possible  bulk,  for  only  one  crop 
could  be  cut  each  year. 

Forty  yeais  ago  there  were  farmers  in  the  vicinity  of  Boston, 
even  those  whose  operations  were  the  most  extensive,  who  made  a 
point  of  beginning  their  haying  the  day  after  the  fourth  of  July,  or 
the  Monday  after  the  fourth.  This  remark  applies  to  men  who 
were  accustomed  to  secure  very  large  quantities  of  hay  by  means  of 
Bcytliea  and  the  other  hand  implenicnta  of  those  days,  and  it  well 
illustrates  the  old  idea  that  time  should  be  allowed  for  grass  to 
ripen.  Nowadays  most  haymakers  in  this  locality  have  been  at 
work  for  a  full  month  wlien  July  sets  in,  and  almost  every  one 
Striven  to  mow  the  grass  before  it  has  wholly  turned  into  straw. 

In  view  of  the  fact  that  June-grass  blossoms  some  weeks  before 
timothy,  old  fields  which  have  "  run  out "  and  become  filled  with 
it  naturally  need  to  be  mown  much  earlier  than  those  which  have 
recently  been  laid  down,  and  ore  still  in  good  condition.  It  is  not 
improbtble,  indeed,  that  the  change  in  the  time  of  hay-making  near 
Boston  may  be  due  in  part  to  a  conaiderable  depreciation  in  tlie 
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condition  of  the  fields,  aud  the  greater  pievaleuce  of  the  inferior 

kind  of  glass. 

To-day  many  fanners  speak  of  mowing  timothy  when  it  is  "  in 
the  second  blossom,"  i.  e,  at  a  time  when  the  very  tips  of  the  spikes 
of  glass  are  in  flower.  Manifestly,  the  tenn  seeks  to  espreas  the 
-  idea  that  it  ie  best  to  cut  the  grass  in  late  blossom,  or  rather  after 
the  time  of  flowering.  In  general,  it  would  appear  that  the  mowere 
wait  untU  the  bloom  is  practically  off  the  grass,  and  until  a  good 
many  seeds  are  in  the  dough. 

There  can  be  little  doubt,  when  the  chief  object  is  to  get  the 
largest  yield  of  mercliantable  hay  from  a  given  cutting  of  grass,  that 
the  moment  to  he  aimed  at  should  be  that  when  the  larger  part  of 
the  grass  plants  in  the  field  are  out  of  blossom,  and  their  seeds  have 
begun  to  mature.  The  ideal  moment  would  be  when  the  seeds  are 
considerably  developed,  yet  not  enough  so  that,  by  the  process  of 
after  ripening,  they  may  become  liable  to  shake  out  of  the  ears,  or 
to  pass  undigested  through  the  stomachs  of  animals.  If  the  grass 
is  left  standing  too  long,  most  of  the  seeds  will  suhsoquently  be- 
come mature  enough  to  shake  out  or  to  escape  digestion,  while  the 
bottoms  of  the  stalks  will  turn  in  some  part  to  hard,  unpalatable 
straw.  Even  when  timothy  grass  has  been  cut  at  the  best  possi- 
ble moment,  taking  the  whole  field  into  couBiileration,  many  seeds 
will  usually  be  destroyed  by  mice  and  insects  after  the  hay  has 
been  stoied. 

The  strung  arguments  in  favor  of  rathsT  late  catting  are,  that 
much  more  hay  can  then  he  obtained  from  each  particular  field ; 
that  the  hay  is  more  eaaily  made,  i.  e.  more  quickly,  with  less  labor, 
and  at  less  risk ;  that  it  keeps  better ;  and  that  it  is  excellent 
fodder  for  any  kiud  of  stock,  and  particularly  for  working  horses. 

Doubtless  soma  few  formers  mow  their  timothy  rather  earlier  than 
the  majority  do,  i.  e.  they  may  cut  it  when  it  is  actually  in  blossom,- 
Indeed,  several  fiirmera,  who  pride  themselves  on  making  super- 
excellent  butter  to  he  sold  at  exceptionally  high  prices,  have  urged 
that  early  cut  hay  is  best  for  their  purposes,  since  butter  of  excellent 
color  and  flavor  is  readily  made  from  the  milk  of  cows  that  are  fed 
upon  such  hay.  But  the  argumeut  loses  much  of  its  force  in  view 
of  the  well-known  fact,  that  not  so  many  ponnds  of  butter  can  bo 
got  from  the  small  crop  of  early  cut  hny  as  are  obtained  &om 
the  larger  crop  of  liay  that  has  been  allowed  to  grow  towards 
maturity. 
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MaitUenanee  of  Grau' Field*  v^uttuxd  by  the  Tint  of  Momny. 

There  are,  of  course,  other  consideiutiona  besides  mera  qtuntit;,  or 
even  quality,  of  a  single  crop,  that  have  their  influence  upon  the  time 
of  cutting  grass.  It  is  an  object  for  the  fanner  to  keep  his  gnn 
lauds  in  good  conditiou,  so  that  they  may  be  mown  ^ain  and  ag^in 
during  many  yeais,  and  their  condition  may  be  largely  dependent 
upon  the  time  of  cutting. 

If  grttsa  ia  mown  early,  before  the  plants  have  spent  thdr  fence 
in  forming  flowers  and  seeds,  the  chance  of  a  good  crop  of  roven 
will  be  greatly  increased,  and  the  lowen  will  shield  the  rooto  from 
the  sun  and  keep  the  ground  from  baking.  On  the  other  hand, 
if  grass  is  cut  when  its  seeds  are  somewhat  advanced,  the  roots  will 
be  subjected  to  a  very  severe  etruin  in  the  dry  summer  weather,  and, 
e^en  if  by  chance  there  should  be  rains  after  the  hay  hod  been  car- 
tied  off,  it  might  easily  happen  that  the  stand  of  grass  would  be  less 
vigorous  than  if  the  giaas  had  been  cut  still  later.  For  if  the  crop 
were  ripe  enough  to  shed  some  seeds,  the  ground  would  be  resown, 
Bud  young  grass  would  spring  up  to  replace  any  old  roots  that  may 
have  perished. 

This  notion  of  reseeding  the  land  seemed  important  in  the  eyes  of 
our  forefathers,  and  many  of  them  complained  bitterly,  on  this 
very  account,  of  the  absurdity  of  the  new-fangled  notion  of  cutting 
grass  early.  So  too,  when  mowing-machines  were  first  need,  the 
complaint  was  made  that  they  injured  the  fields.  The  &ct  being 
that  the  machine,  by  cutting  much  more  grass  than  could  be  cut 
with  scythes,  enabled  the  former  to  finish  haying  sooner  than  he 
used  to  do.  In  the  times  when  the  farmer  was  compelled  to  leave 
much  grass  until  it  was  over  ripe,  his  fields  were  continually  re- 
seeded  without  any  effort  on  his  part 

This  fact  is  one  that  is  well  worthy  of  being  borne  in  mind  and 
of  being  acted  upon.  It  teaches  that  the  reseeding  of  grass  lands  is 
not  to  be  neglected,  and  it  illustratee  the  great  influence  that  the 
adoption  of  any  new  method  of  farming  may  ezert  in  directions  that 
are  wholly  unexpected,  oud  perhaps  antagonistic  to  the  real  purpose 
of  the  method. 

From  this  point  of  view,  also,  it  would  appear  that,  as  regards 
the  mowing  of  timothy,  the  true  point  to  be  aimed  at  mu^  be  a 
moment  soon  after  flowering,  when  there  is  no  great  risk  that  the 
roots  of  the  grass  will  be  injured  by  exposure  to  sun  and  drought. 
And  it  is  not  impossible  that,  unless  the  grass  can  be  mown  at  that 
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Btage,  it  migbt  be  bettor  to  leave  it  standing  until  some  seeds  are 
ready  to  foil,  according  to  the  old  practice.  It  would  seem,  hoW' 
ever,  eren  here,  that  it  would  be  better  to  oat  the  grasa  when  in  the 
milk,  and  to  subeequently  bow  aeeds  expressly,  at  an  appropriate 
season.  No  doubt  much  good  might  be  done  at  small  cost  by  har- 
lowiog  grass  fields  that  show  signs  of  bavii^  suffered  from  the 
weather,  and  rolling  in  a  light  diessing  of  seeds ;  and  it  stands  to 
reason  that,  if  thus  much  is  to  be  done,  it  will  be  still  bettor  to 
spread  some  kind  of  fertilizing  material  upon  the  land  before  har- 
rowing it. 

ImpraeticabHity  of  Mowing  all  Fieldt  at  their  Bat. 

But  let  the  farmer  do  his  best,  he  can  never  cut  all  his  grass  at 
that  one  particular  stage  of  development  which  he  may  especially 
esteem.  What  with  the  weather  to  binder  him,  and  the  inevitable 
tendency  of  many  fields  of  grass  to  come  to  maturity  at  the  same 
moment,  he  must  always,  if  he  would  prosper,  cut  some  grass  very 
early,  that  is  to  say,  earlier  than  he  would  like,  and  otber  fields 
later.  It  will  not  do  to  wait  until  the  first  field  is  at  ite  best,  lest 
other  fields  should  he  too  far  advanced  before  the  first  fields  have 
been  liarvested.  So  that  practically,  upon  almost  every  farm,  grass 
does  get  cut  at  veiy  different  stages  of  maturity.  The  modern  ten- 
dency is  to  begin  haying  so  early  that  no  giasa  shall  be  cut  too  ate  ; 
and  this  plan  is  unquestionably  bettor  than  the  old  one,  of  waiting 
until  the  first  field  of  grass  npon  the  &rm  was  "  ripe." 

It  is  a  question  whether  it  might  not  be  wise,  in  many  localities, 
for  the  farmer  to  pasture  stock  fur  a  short  time  in  the  early  spring 
upoD  such  of  his  old  mowing-fields  as  are  best  suited  to  bear  the 
weight  of  cattle,  for  the  express  purpose  of  making  the  hay  crop  of 
tboes  particular  fields  come  in  late.  Here  at  Boston,  for  example, 
it  may  well  be  possible  that  the  old  practice  of  beginning  to  make 
hay  in  July  was  based  primarily  on  the  probability  that  there  will 
be  better  bay  weather  in  that  month  than  in  Juno.  June  is  not 
infrequently  cool  and  rainy  in  this  locality,  and  it  is  seldom  that 
any  continuous  hot  weather  occurs  before  the  fourth  of  July. 
There  is,  on  this  account,  a  real  advantage  to  be  gained,  on  the 
average  of  years,  by  haying  in  July  ;  and  it  would  be  well,  when 
possible,  to  adjust  the  ripening  of  the  crop  accordinfjly.  The  spring 
pasturing  of  mowing-fields  is  often  practised  in  Europe,  and  has 
been  commended  there  as  tending  to  check  early  weeds  and  some  of 
the  ranker  kinds  of  grasses. 
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European  Hay  better  than  American. 

Were  it  not  for  tlie  summer  drougbtfi,  which  hamper  the  Ameri- 

cau  fiirmor,  it  would  probably  be  well  in  Bouie  localities  to  eetablish 

grass  fielils  of  such  chamcter  that  they  could  be  mown  early  and 

often.  For  where  tbe  purpose  of  the  hay  crop  is  to  feed  cattle  upon 
the  farm,  and  there  is  no  intention  of  selling  any  of  it  directly,  it 
might  be  advantageous  to  cut  some  grass  as  grass,  i.  e.  just  before 
the  flowerstalk  has  begun  to  shoot  upward.  When  cut  at  tliat 
stage,  or  earlier,  grass  is  specially  nutritious,  and  if  there  were 
moisture  enough  in  tbe  soil  new  leaves  would  immediately  ^ring 
up  for  the  second  cutting. 

Tbe  rooister  climate  of  Central  and  Northern  Europe,  and  the 
absence  of  fodder  corn  and  coru-stfllks  there,  are  prominent  reasons 
why  the  grass  husbandry  of  those  countries  differs  so  decidedly  fVom 
ours.  European  meadows  often  carry  a  considerable  variety  of 
grasses,  some  of  which  (like  meadow  foxtail)  are  fit  to  be  mown 
early,  and  others  late ;  while  in  America  the  farmers  chiefly  confine 
themselves  to  one  of  the  most  graiu-like  of  grasses  (timothy),  and 
count  upon  its  stalks  shooting  up  to  a  good  height,  in  spite  of  some 
dry  weather  as  the  crop  approaches  maturity. 

Many  years  ago,  after  a  severe  drought  iu  England,  some  cargoes 
of  first  quality  baled  hay  that  were  sent  by  steamer  from  New  York 
to  Liverpool  could  not  be  sold  there  except  at  a  sacrifice,  because 
of  the  unfamiliar  appearance  of  the  bay  ;  and  from  numerous  analy- 
ses of  American  grasses,  it  appears  that  the  hay  of  this  country  docs 
actually  differ  appreciably  from  the  hay  of  Europe.  From  the  fol- 
lowing table  of  comparisons  drawn  up  by  Professor  Collier,  it  will 
be  seen  that  American  hay  usually  contains  a  smaller  amount  of 
nitrogenous  matters  than  the  European,  and  a  larger  amount  of 
carbohydrates.  There  is  less  coUuloso  also  in  the  American  hay. 
For  the  sake  of  closer  comparison  all  tbe  analyses  given  in  the  table 
are  of  hay  that  has  been  dried  completely  at  212°  F. 
AvEBAOBS  OF  Analyses  oy  Aherican  Hat. 

TtaihIt  ^'"^  •***      SofOrchiirt 

•Motwild     *'™***'       at»MC«     Onaftnm 
Grasses.      fj]y„t^    WmihtnglOB.  Loalltiea. 

AA 7.90  7.»5  7.4*  7.38 

Nitrf^tmons  matters  (=  N  X  6.25)   .  8.20  10.04  10.25  8.91 

CarbolivdnifR ,,......  53.90  65JE  65.83  55.17 

Crads  t'ellulose 27.10  23.14  22.47  25.19 

Put,  eto 2.90  8.12  S.52  8.33 

Per  cent  of  the  nitrogen  in  the  form 

of  non-albuminoid  matter    .     ,     .  84.70  30.10  18.30  26.S0 
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iLVSKAGEs  OF  EuBOPEAK  AvALTSEs,  AS  aivzs  BT  Wolff. 

°^5^i^'""    0«^Hij.    Vbtt  good  Hij. 

Ash 6.30  7.23  8.24 

Nitrogenous  mattera{=HX  6.25)     .     .     10.74  11.32  13.77 

Carlx.liydnites 48.63  47.84  48.93 

Crude  Mllulose 34.08  80,89  2S.77 

Fat,  etc 2.34  2.82  8.29 

One  renaon  why  clover  is  often  sown  with  timothy  in  this  coun- 
try is  thiit  tlie  clover  in  fair  seasons  will  give  a  good  aftennath, 
such  aa  might  not  have  been  got  if  timothy  had  been  grown  by 
itselC 

By  cutting  some  hay-fields  very  early,  as  was  just  now  suggested, 
when  the  plants  are  still  in  the  condition  of  pasture  grass,  it  would 
be  possible  to  postpone  the  harvest  proper  on  those  fields  to  a  late 
date,  and  thus  to  get  so  well  started  that  a  large  proportion  of  the 
hay-Gelds  upon  the  farm  could  be  mown  at  the  best  possible  season. 

One  objection,  it  should  be  said,  to  cutting  timothy  late,  is  the 
Bomewhat  greater  liability  of  the  crop's  "  rusting  "  when  the  harvest 
is  deferred.  Near  Boston,  the  fungus  which  causes  the  grass  to  rust 
appears  rather  late  in  the  season. 

Bipe  Grass  driet  quickly. 

As  has  already  been  intimated,  one  palpable  ailvantage  in  cutting 
over-ripe  grass  is  that  it  takes  comparatively  little  time  to  cure  it. 
It  has  often  been  urged,  that  late  cut  timothy  can  be  made  into  hay 
very  readily,  because  a  large  part  of  its  juices  have  dried  out  of  it 
naturally.  Even  in  the  old  days  of  scythes  and  hand-rakes,  fiinneis 
often  "  made  "  their  late  cut  hay  in  a  single  day,  for  there  was  so 
little  moisture  left  in  the  standing  grass  that  very  little  time  was 
needed  to  dry  this  remnant  off. 

All  this  consists  perfectly  with  the  notion  of  backward  fanners, 
that  it  is  unwise  to  mow  grass  before  it  is  "ripe,"  since  immatnra 
grass  "shrinks"  enormously  when  made  into  hay.  It  explains, 
moreover,  a  good  part  of  the  disagreement  which  exists  among  men 
as  to  the  risk  of  storing  partially  cured  hay  in  barns.  Old  straw- 
like  hay  mi;;ht  be  stored  with  perfect  safety  after  a  day's  making 
by  the  old  methods,  while  the  hay  from  young  grass  might  all  spoil 
in  the  mow  if  it  were  housed  after  precisely  similar  treatment. 

So  too,  some  part  of  the  discussion  as  to  the  comparative  merits 
of  curing  hay  rapidly  by  tedding,  or  slowly  in  swaths,  windrows, 
and  cocks,  doubtless  depends  upon  the  condition  of  the  grass  when 


J  bv  Google 


464  AGEICULTtlBE. 

cut.  It  was  not  a  bad  tnunt  that  vaa  thrown  tint  at  one  of  these 
Uebates,  that  "  it  coats  so  much  labor  to  dry  young  grass  by  the 
cocking  process,  that  the  rarmers  who  practise  this  system  take  care 
not  to  cut  their  grass  before  the  second  blossom."  Another  point  to 
be  considered  at  the  hay  harrest  is,  that,  in  case  any  fields  must  be 
neglected  until  the  grass  will  have  had  opportunity  to  become  dead 
ripe,  it  may  be  good  policy  to  choose  those  that  stand  in  need  of 
being  reseeded. 

Some  years  ago  it  was  urged  by  several  writers  that  it  wonid  be 
well  to  steam  hay  before  feeding  it  out  to  cattle.  The  scheme  was 
found  to  be  too  costly  in  practice,  generally  speaking,  because  of 
the  labor  involved  in  it.  But  it  is  noticeable  that,  if  steaming  were 
a  practicable  process,  it  would  probably  be  best  to  cut  the  grass  as 
late  as  could  be  done  without  losing  too  many  of  its  seeds. 
Nete-made  Hay  ii  Laxative. 

One  strong  objection  that  works  against  the  early  catting  of  bay 
is  the  tendency  of  hay  made  from  immature  grasses  to  loosen  the 
bowels  of  animals  that  feed  upon  it.  This  fact  alone  precludes  the 
use  of  such  hay  for  working  horses.  All  newly  made  hay  has  a 
certun  laxative  and  weakening  effect  upon  animals,  which  is  depre- 
cated hy  practical  men.  Such  hay  cannot  be  sold  to  the  keeper  of 
a  livery  stable,  because,  as  he  wonld  say,  he  has  no  wish  to  soften 
down  his  horses.  Horse  keepers  are  of  opinion  that  this  laxative 
quality  of  new  hay  endures  until  the  hay  has  passed  through  a  pro- 
cess of  "  sweating,"  which  occurs  in  the  mow. 

No  matter  how  dry  the  hay  may  he  at  the  time  when  it  is  pot  in 
the  bam,  it  is  held  that  it  will  always  "  sweat "  somewhat  in  the 
mow.  By  October  the  process  is  completed,  so  that  the  hay  is  fit 
for  use,  provided  it  was  ripe  enough  when  mown.  But  in  the  case 
of  hay  made  from  young  grass,  such  as  rowen,  for  example,  the 
medicinal  quality  peisists;  and  such  hay  is  thought  to  be  always 
unfit  for  horses  that  are  kept  at  work,  since  it  is  apt  to  weaken 
them,  to  make  them  sweat  easily,  and  to  render  them  liable  to 
stumble. 

Among  many  conflicting  statements  that  have  been  published,  it 
is  difficult  to  judge  how  old  grass  must  be  in  order  that  the  hay 
made  from  it  shall  he  absolutely  non-medicinal.  Farmers  disagree 
very  much  in  their  opinions  aa  to  the  laxative  action  of  hay  made 
from  grass  that  has  not  flowered.  Some  hold  that  all  snch  hay 
loosens  tiie  bowels  as  rowen  does,  while  otliers  maintain  that  tim- 
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othj  cut  early  in  Jane,  befon  it  has  shown  a  blossom,  does  not  dis- 
turb the  digestion  of  oattle  as  rowen  does,  although  the  animals  ara 
exceedingly  fond  of  it,  and  prefer  it  to  later  cut  hay.  Thete  can  be 
little  doubt,  howeyer,  that  hay  from  giasa  out  in  blossom,  or  before, 
is  more  lazative  than  that  cut  later. 

As  ragarda  cows,  it  is  not  easy  to  see  why  the  lazatire  quality  of 
bay  from  immature  grass  might  not  easily  be  obviated.  It  is  hardly 
credible,  for  eiampte,  that  rowen  hay,  fed  out  judiciously  to  animals 
just  token  in  from  pasture,  should  loosen  their  bowels  to  an  injuri- 
ous extent  It  seems  reasonable  to  suppose  that  the  lazativQ  quality 
of  TOwen  is  similar  to  that  of  yonng,  i.  e.  green  grass ;  and,  as  every- 
body  knows,  cattle  suffer  fiom  diarrboia  when  first  turned  out  to 
pasture  in  the  spring.  The  fact  is,  farmers  are  apt  to  keep  their 
lowen  hay  until  towards  spring,  in  order  to  girs  it  to  cows  that 
have  recently  calved,  and  in  general  to  refresh  their  cattle  after  the 
winter's  campaign  on  old  hay,  and  it  is  at  that  time  that  they  no- 
tice the  medicinal  effect. 

The  true  way  would  seem  to  be  to  feed  out  the  rowen  in  small 
proportion  at  intervals  throughout  the  entire  season,  or,  if  there  were 
enough  of  it,  to  accustom  the  cattle  to  it  just  as  they  are  allowed  to 
accustom  themselves  to  green  grass.  It  would  seem,  too,  as  if  an 
admixture  of  rowen  and  straw,  or  of  rowen  and  bog-meadow  bay, 
might  be  prepared,  at  the  moment  of  storing  the  lowen,  which 
would  serve  perfectly  well  to  replace  ordinary  hay  in  many  rationa. 
It  is  noticeable,  when  the  hay  &om  fields  tiiat  have  been  sown  with 
grain  and  gross  seeds  is  cut  so  long  after  the  giaiu  has  been  reaped, 
that  no  more  than  a  third  or  so  of  the  hay  crop  as  put  into  the 
bnm  is  old  dead  gnua  stubble,  that  cattle  will  leave  from  a  third 
to  a  half  of  the  stubble  uneaten.  But  when  such  hay  is  mown 
early,  the  old  stubble  admixed  with  it,  though  present  iu  compara- 
tively large  proportion,  is  eaten  up  so  clean  that  it  is  difficult  to 
find  any  stalks  of  it  left  iu  the  cribs.  The  easy  digestibility  of 
the  young  hay  is,  of  coarse,  one  etrong  point  in  its  &vor.  It  is 
curious  that  there  should  be  any  hesitancy  about  admitting  the 
great  value  of  early  cut  hay,  when  there  is  absolutely  no  difference 
of  opinion  as  to  the  supreme  merit  of  young  grass.  Most  formers 
believe  in  all  sincerity  that  there  is  no  food,  or  mixture  of  foods, 
upon  which  cattle  will  thrive  so  rapidly  as  upon  good  pasture 
grass. 

VOL.  u.  — SO 


jbvGooglc 


466  AGRICtlLTrRE. 

Steeaiing  of  Hay  in  the  Mote. 

The  eo-called  sweating  wbicb  newly  made  hay  nnilergoes  in  the 
mow  01  stack,  and  which  b  thought  by  practical  men  greatly  to 
improve  the  quality  of  the  hay,  at  least  for  feeding  working  horsec, 
b  a  mild  form  of  fermentation,  which  has  been  studied  io  England 
by  Percy  Fraukland  and  Jonlan.  They  find  that  the  change  which 
the  hay  umleigoea  is  not  a  mere  matter  of  oxidation  by  air,  but  a 
true  fermentation,  dependent  on  the  action  of  livii^  microdemes. ' 
It  was  found  by  these  chemists  that  vety  coDsidenble  quantities  of 
carbon  and  of  nitrogen  go  off  from  the  hay  in  the  form  of  carbonic 
acid  and  of  ^e  nitrogen  gaa  during  this  slow  fermentation.  Their 
newly  dried  hay  absorbed  much  oxygen,  even  at  the  ordinary  tem- 
perature of  the  air,  and  gave  off  a  great  deal  of  carbonic  acid  and 
nitrogen,  though  the  evolution  was  more  rapid  as  the  temperature 
increased. 

Moreover,  aiter  the  oxygen  which  was  at  first  in  contact  with  the 
bay  had  been  used  up,  much  carbonic  acid,  though  conipantively 
little  nitrogen,  was  atill  given  off,  aa  a  result  of  the  decomposition  of 
oxygen  campouuds  in  the  hay.  That  is  to  say,  even  in  the  absence 
of  air,  the  fermentation  went  forward  through  the  destruction  of 
certain  constituents  of  the  hay  that  contain  oxygen  in  combination. 

It  would  seem  to  follow  from  thb,  that  the  common  practical  mie 
that  the  constraction  of  a  hay  barn  should  be  as  open  as  possible, 
for  the  purpose  of  drying  as  well  as  of  preserving  the  hay,  must 
depend  primarily  upon  the  power  of  keeping  the  hay  cool  which 
the  open  construction  gives.  The  object  of  the  openness  is  to  bin- 
der the  accumulation  of  the  heat  generated  during  the  act  of  fenneU' 
tation,  and  so  to  prevent  the  occurrence  of  injnrious  fermentations 
of  other  kinds  than  the  simple  normal  "s^veating"  of  the  hay. 

When  bams  were  first  introduced  into  England,  the  objection 
was  made,  that  bay  is  more  apt  to  "  heat"  in  bams  than  in  stacks. 
So,  too,  in  building  stacks  of  hay  or  grain,  pipes  or  chimneys  are 
often  loft  at  the  middle,  in  order  that  the  heat  generated  by  fermen- 
tations may  be  readily  discharged. 

Frankland  and  Jordan  found,  on  allowing  oxygen  to  r^ain 
access  to  bay  which  had  been  deprived  of  it,  that  the  evolution  of 
nitrogen  would  begin  anew,  though  somewhat  less  vigorously  than 
at  first,  and  that  it  would  continue  for  several  months,  as  well  aa 
the  evolution  of  carbonic  acid. 

It  is  commonly  held,  that  thb  autumnal  fermentation  in  the  mow 
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or  stack  most  be  allowed  to  run  its  course  before  hay  can  be  safely 
pressed  into  bales  for  tiausportation. 

"  iikritikage  "  of  Grau  and  ffay. 

According  to  Loudon,  the  waste  of  grass  on  being  dried  into  hay 
is  supposed  to  be  three  parts  in  four,  by  the  time  it  is  laid  on  the 
stack ;  it  is  then  further  reduced  by  heat  and  evaporatiou  to  the 
exti^nt  of  perhaps  oue  twentieth  more  iu  the  course  of  a  month,  so 
tliat  600  lb.  of  grass  finally  yield  95  lb.  of  hay,  and  between  tbia 
weight  and  90  it  continues  through  the  winter.  In  case  the  hay 
is  sold  during  the  next  spring  or  suoiiuer,  perhaps  enough  more  of 
its  weight  will  be  lost  by  exposure  to  sun  and  wind,  on  moving  it 
from  the  stack  and  marketing  it,  to  reduce  the  weight  to  80  lb. 
Speaking  of  the  damp  English  climate,  Loudon  holds  that  the  same 
hay  which  would  weigh  90  lb.  if  delivered  in  the  winter  aller  it  was 
harvested,  will  weigh  80  lb.  next  Bummei.  In  England  a  "  truss  " 
of  new  hay  is  rated  as  weighing  60  lb.,  and  a  truss  of  old  hay  as 
weighing  56  lb. 

In  New  England,  the  qnestlon  as  to  the  amount  of  shrinkage 
which  hay  suffers  when  stored  in  barns  has  commonly  been  debated 
in  terms  of  price  rather  than  of  weight.  Thus,  it  has  happened 
that  the  main  point  in  the  discuesioii  has  been  obscnred  by  consid- 
erations relating  to  the  cost  of  labor  expended  in  pitching  and  haul- 
ing the  hay  on  moving  it  into  or  from  the  bam,  and  to  the  interest 
on  the  money  which  would  naturally  come  into  the  farmer's  handa 
several  months  earlier  in  the  one  case  than  in  the  other. 

The  rule  has  sometimes  been  laid  down,  in  this  sense,  that  about 
one  third  of  the  price  of  the  hay,  as  it  lies  in  the  field  all  ready  to 
be  housed,  should  be  added  after  the  hay  has  been  in  the  barn  for 
two  or  three  months.  Or,  stated  in  other  terms,  it  is  held  to  be  aa 
well,  or  perhaps  rather  better,  for  the  farmer  to  sell  hay  at  $15  the 
ton  from  the  field,  than  at  $20  the  ton  next  winter  from  the  bam. 
It  has  been  suggested,  however,  that  hay  which  is  freely  salted 
when  stored  will  weigh  out  heavier  in  the  winter  than  would  be 
the  case  if  no  salt  were  used.  This  result  may  be  due  in  part  to 
the  tendency  of  the  salt  to  attract  moisture,  and  so  hinder  the  bay 
from  drying  off  unduly;  or  it  may  depend  somewhat  on  the  salts 
having  checked  the  process  of  sweating  or  fermentation,  which  even 
the  driest  of  hay  undergoes  when  first  placed  in  the  mow. 

According  to  a  writer  in  the  Rural  New  Yorker,  experiments 
have  been  made  in  this  country,  extending  through  thiee  years,  to 
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determine  accurately  the  ehrinkage  of  hay.  SerenteeD  difieient  lots 
of  mixed  clover  and  timothy  hay,  obtained  from  grass  cut  at  different 
Btagee  of  growth,  from  the  time  it  began  to  head  until  it  was  nearly 
dead  ripe,  were  weighed  when  put  in  the  bam,  and  again  in  Decem- 
ber, or  later  in  the  winter.  In  some  inntauces  the  parcels  of  hay 
weighed  two  tons,  and  in  others  800  lb.  eacb.  The  largest  observed 
shrinkage  in  weight  was  36%,  and  in  four  separate  parcels  it  was 
over  30%,  while  the  least  amount  of  shrinkage  was  12%,  in  the  caea 
of  very  ripe  clover.  The  arerage  shrinkage  was  a  trifle  more  than 
2i%.  Whence  it  appears  that  hay  grown  for  sale  needs  to  advance 
not  a  little  in  price  in  order  that  it  shall  be  worth  the  farmer's 
while  to  winter  it. 

In  no  event  is  it  well  to  keep  bay  in  the  bam  until  the  second 
winter,  for  chemists  long  since  detected  an  appreciable  diminution 
of  the  nitrogen  in  hay  that  has  been  kept  more  than  a  year,  and 
there  can  be  little  doubt  that,  after  the  process  of  "ripening"  has 
passed  by,  which  occuis  soon  after  the  hay  has  been  put  in  the 
mow,  it  does  slowly  depreciate  in  nutritive  value,  either  by  a  pro- 
cess of  gradual  oxidation,  or  perhaps  by  ferment  action.  Hany 
years  ago,  Boussingault  showed  that  an  animal  fed  on  a  given 
weight  of  recently  made  hay  did  as  well  as  when  fed  on  a  corre- 
sponding weight  of  the  grass  tiom  which  the  bay  had  been  made. 
Bat  it  is  certain  that  no  such  fovorable  result  as  this  could  be  got 
on  using  hay  that  had  been  kept  two  years  in  a  bam. 
Other  Gratia  than  Timothy. 

If  space  permitted,  much  might  be  said  about  the  Torions  kinds 
of  grasses  that  are  cultivated  abroad,  or  which  might  be  cultivated 
here,  instead  of  timothy,  on  soils  that  are  ill  suited  for  that  particu- 
lar kind  of  grass.  The  great  merit  of  timothy  is,  that,  under  favor- 
able conditions,  it  yields  a  very  large  crop, —  a  very  much  larger  crop 
than  any  of  the  other  grasses  of  equally  good  quality,  with  the 
single  exception  of  orchard  grass.  Werner  in  his  "Futtcrbau" 
gives  the  yield  in  kilograms  per  hectare  of  good  land  of  what  may 
be  called  really  good  crops  of  a  large  number  of  grasses  and  clovers. 
The  following  items  have  been  selected  from  Werner's  table.  From 
a  hectare  (=  2.5  acres)  of  land,  there  are  produced  of  the  specified 
grasses,  on  the  average,  the  following  number  of  kilos  (one  kilo  = 
3.2  lb.)  of  oir-dried  hay  :  — 
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The  beat  kinds  of  Ten,  sucli  as  Juoe-gnn  aud  rongh-aUlkcd 
umdanr-gTus  (Poa  prateasiB  and  tririalia)  ....      COOO 

PereimiBl-nf  grua  (Loliiun) 6,000 

Meadow  foxtail  (Alnpecuma  pratenaiE] 7,700 

French  ray-graas  (Feataca  elatior) 8,100 

Italiui  ray-graas,  on  irrigated  meadova 10,300 

Timothy  {PhleninprateDBe) 10,000 

Orehardgraaa  {Daotyliaglomenta) 1S,300 

The  great  Feetaca  (F.  giganteaj 13,S00 

Ribbon  or  reod-canarj  graea  (Phalaria) 16,900 

Red  ilover 6,000 

Swedish  clover 4,600 

White  clorer 2,600 

Lopinea 6,000 

Vetchea *,000 

Lueem 8,000 

Reducing  some  of  these  fignrea  to  tenna  of  pounds  to  the  acre, 
we  have  as  a  good  European  yield  of 

Timothy 8,SO0  lb. 

Foxtail 6,800  " 

French  ray-gnus 7,400" 

Jnne  graas 4,400  " 

Ternolgmss 3,100  " 

Orabard  grass 13,464  " 

Ailennath  is  included  of  conise  in  these  catimetes,  and  the  large 
amount  of  orchard  grass  as  here  given  must  depend  in  good  measure 
upon  the  aecond,  or  even  upon  a  third  crop.  Perhaps  the  timothy 
crop  iDcIuded  clover. 

Hmolhj  lovea  a  deep,  rich,  light  loain,  plenty  of  sunlight,  and  a 
&ir  share  of  moisture,  white  orchard  grass  will  bear  shade  very  well, 
and  will  continue  for  years  to  give  excellent  crope  even  beneath 
large  apple  trees.  Orchard  grass  has  other  advantages  over  timothy 
in  that  it  bears  pasturing  very  well,  i.  e.  it  can  withstand  the  biting 
of  cattle ;  and  when  young  it  ia  esteemed  by  them  highly.  Since 
it  blossoms  earlier  than  timothy,  and  at  about  the  same  time  as  red 
clover,  it  is  said  to  be  better  suited  than  timothy  to  he  sown  with 
clover  for  hay.  Orchard  grass  grows  most  freely  upon  good  deep 
soils,  but  it  is  none  the  less  tme  that,  economically  speaking,  the 
proper  places  to  bow  it  are  in  the  shade  of  trees,  and  on  light  soils 
that  are  not  suited  to  timothy.  It  should  be  mown  rather  early, 
since  the  hay  made  after  the  grass  has  flowered  is,  comparatively 
speaking,  harsh  or  rough,  and  consequently  of  inferior  quality. 
French  ray-graSB,  sometimes  called  tall  oat-grasc,  which  has  been 
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occasionally  grown  togetlier  with  orcliard  grass  in  this  country,  is 
said  to  do  well  in  Europe  upon  sandj  loams  that  are  neitbot  too 
wet  nor  too  dry.  It  ie  not  recommended  in  this  countiy  as  a  grass 
to  be  grown  by  itself. 

Probably  the  different  times  of  blossoming  of  clover  and  timo- 
thy is  a  prominent  reason  why  clover  hay  is  less  highly  esteemed 
than  it  should  be  in  some  paita  of  New  England.  In  order  to  get 
the  utmost  advantage  from  clover,  it  shoald  be  mown  before  it  has 
gone  to  seed.  But  where  clover  and  timothy  are  growa  together, 
OS  ia  the  usual  practice  in  this  country,  if  the  former  were  to  cut 
the  clover  when  at  its  best,  the  timothy  would  still  be  so  yoaiig  and 
green  that  the  total  crop  would  be  comparatively  light.  Hence,  ho 
ordinarily  lets  the  timothy  come  to  maturity,  aud  the  clover  suffer 
hurt  from  getting  to  be  over-ripe.  There  would  be  less  cause  for 
complaint  against  clover  hay  if  only  the  clover  plant  were  treated 
fairly.  Even  in  the  best  clover  regions  of  Europe  timothy  ia  es- 
teemed to  be  a  good  gross  to  grow  with  clover,  and  it  is  thought 
that  the  mixture  is  more  nourishing  and  more  palatable  than  clover 
alone.  But  the  mixture  is  there  thought  of  and  mown  as  clover, 
i.  c.  as  clover  with  something  admixed.  It  is  not  thought  of  at  all 
as  timothy  with  a  mixture  of  clover. 

The  rapid  growth  of  orchard  grass,  i,  e.  its  rapid  recovery  after  it 
has  been  mown,  and  its  power  of  resisting  drought,  are  other  advan- 
tages in  its  favor.  It  does  better  on  clayey  land  than  timothy,  and 
it  has  been  said  of  it  that  it  loves  a  clayey  loam  while  timothy  pre- 
fers a  sandy  loam. 

One  great  objection  to  timothy  is,  that  it  does  not  yield  a  good 
second  crop,  end  it  is  on  this  account,  as  has  been  said,  that  many 
farmers  justify  their  practice  of  sowing  clover  with  timothy.  So 
too,  one  reason  why  red-top  is  sown  with  timothy  is,  that  it  forma 
a  close  sod,  which  persists  each  year  after  mowing,  as  well  as  perma- 
nently after  tlie  timothy  has  died  out.  It  is  admitted  in  Europe 
that,  for  permanent  meadows,  timothy  b  inferior  to  foxtail  (Alope- 
curua  pratensis),  whi<:h  is  a  grass  not  much  unlike  timothy  in  ap- 
pearance, because  the  foxtail  gives  a  much  more  abundant  aftermath. 
The  foxtail  has  the  further  advantage,  that  it  blossoms  a  month  ear- 
lier than  timothy,  and  has  a  much  more  tender  stalk.  But  it  needs 
a  moist  situation  and  cjinnot  bear  drought  so  well  as  timothy  can. 
It  is  unht  for  mixing  with  clover,  since  it  does  not  come  into  full 
bearing  until  the  fourth  year,  while  timothy  culminates  in  its  second 
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year.  Tbe  foxtui  bears  moisture  better  than  clover,  and  is  well 
suited  to  clay  lands  and  thoae  rich  in  humus,  and  to  irrigated 
meadows. 

There  ia  a  coarse  grass  allied  to  red-top,  called  Fiorio,  or  creeping 
bent^rass  (Agrostis  atolonifera),  which  seems  to  be  a  more  variety 
of  Agrostis  alba  (white  bent  or  English  bent),  that  has  often  been 
commended  by  English  writeta  for  wet  lands.  It  ia  held  to  be 
specially  well  adapted  for  moist  peaty  soils,  and  for  bog  meadows 
that  are  occasionally  overflowed.  Three  tons  to  the  acre  are  said 
to  have  been  repeatedly  obtained  in  England.  Sinclair  has  said  of 
this  grass,  "On  mere  bt^s  florin  yields  a  great  weight  of  herbage, 
and  is  perhaps  the  most  useful  plant  that  bogs  can  produce. "  The 
hay  from  it  is  readily  eaten  by  horses  as  well  as  by  neat  cattle,  but 
is  said  to  be  difiicult  to  dry  in  the  damp  English  climate.  It  is 
kept  there  in  particularly  small-siwd  stacks,  on  this  account,  liib- 
bon  grass  is  another  coarse,  free-growing  grass,  well  suited  for 
meadows  that  are  wet  with  flowing  water.  An  account  of  this 
grass  with  analyses  of  it,  and  of  blue  joint  grass  (Calamagrostis 
Canadensis),  will  be  found  in  the  Bussey  Bulletin,  II.  130. 
Antiaal  Wted'like  GrasKs. 

Among  grasses  which  specially  interest  the  yeoman  farmer,  cei^ 
tain  annuals  should  be  mentioned  which  ripen  in  late  summer  and 
are  commonly  classed  as  weeds.  They  are  the  false  millets,  called 
bottle  grass  or  panic  grass  (Setaria),  bam-yard  grass  (Panicum  Crus- 
gnlli),  and  finger  grass  (Digitaria).  These  grasses  play  a  not  wholly 
nnimportant  part  in  the  agriculture  of  New  England,  in  that  large 
quantities  of  them  are  eaten  by  sheep  and  store  cattle  that  are  per- 
mitted to  pasture  npon  the  plough-land  after  the  summer's  crops 
have  been  removed. 

The  chief  trouble  with  all  these  grasses  is  that  they  are  really 
grain-bearing  plants,  that  pass  into  the  condition  of  straw  and  chalf 
before  the  farmer  has  had  time  to  make  np  his  mind  about  harvest- 
ing them.  They  grow  with  the  weeds  proper  in  potato-fields  and 
corn-fields,  npon  stubble-fields,  in  hay-fields  where  the  sod  is  nut 
densely  matted,  and  in  waste  places  generally.  The  abundant 
seeds  of  the  panic  grasses  are  much  relished  by  birds,  and  domestic 
fowls  put  a  good  many  of  them  to  profit.  Young  turkeys,  ia  par- 
ticular, are  said  to  thrive  upon  them.  Great  flights  of  blackbirds 
subsist  npon  them  in  late  summer. 

While  standing  in  the  fields,  and  especially  when  matnre,  these 
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grasses  tend  to  repel  animals  because  of  their  rougb,  bristly,  bairr 
spikes.  But  when  converted  into  hay  they  are  eaten  readily  enough 
by  neat  cattle  and  sheep.  Dr.  Warder  of  Ohio  reports  a  case  where 
the  growth  of  bottle  grass  in  one  of  his  corn-fields  was  so  luxuriant 
that  he  mowed  it  and  made  it  into  hay.  To  his  eurprise,  he  foand 
in  midwinter  that  his  cattle  reliehed  this  hay  exceedingly.  They 
ate  it  voraciously,  and  i)refeiTed  it  to  timothy  or  blue-giaaB  bay. 
Barnyard  grass,  being  the  largest  of  these  volunteer  crops,  has  iiatn- 
rally  attracted  more  attention  than  either  of  the  othen,  and  not  a 
few  fields  of  it  have  been  mown  and  made  into  hay  which  turned 
oat  to  be  excellent.  In  some  poor,  sandy,  though  moist  districts 
in  Germany,  finger  grass  is  cultivated  for  hay,  and  regarded  as  a 
blessing. 

It  will  often  be  well  for  the  farmer  to  save  these  autumnal,  weed* 
like  grasses,  either  as  hay  or  as  ensilage,  when  they  force  themselves 
upon  him.  Some  persons  have  urged  that  it  would  be  well  to 
cultivate  barn-yard  grass  as  a  forage  crop.  The  objection  to  this 
idea  is,  tliat  a  much  larger  amoont  of  equally  good  or  better  Ibdder 
could  be  cut  from  a  given  area  in  the  form  of  several  of  the  millets ; 
and  that  the  yield  of  nutritive  matter  obtainable  from  it  on  good 
land  would  undoubtedly  be  less  than  conld  be  got,  for  an  equal 
expenditure  of  space  and  power,  from  other  forage  cropa. 

There  would  appear  to  be  one  attribute  of  the  barnyard  gian, 
however,  which  might  give  it  an  advantage  over  the  millets  and 
other  competitoEB  in  some  special  cases.  I^  as  seems  probable,  it 
could  be  sown  very  early  in  the  season,  —  possibly  even  the  year 
before  the  harvest,  or  at  any  odd  moment  when  the  work  upon  a 
&rm  was  slack,  —  and  theu  be  left  to  itself  until  tolerably  late  in 
the  season,  so  that  it  could  be  harvested  at  a  time  of  comparative 
leisure,  it  might  be  regarded  as  one  resource  for  lightening  labor 
upon  a  short-banded  farm.  We  are  so  accustomed  to  see  it  growing 
OS  a  weed,  in  spite  of  manifold  hindiaucee  and  difficulties,  that  it 
would  not  be  safe  to  predict  just  how  it  would  behave  under  fevor- 
able  conditions,  or  when  it  would  ripen  if  cultivated.  When 
growing  upon  mere  gravel,  each  particular  stalk  of  barnyard  grass 
throws  out  a  large  number  of  strong  shoots,  and  there  is  no  doubt 
that  much  fodder  could  be  got  from  it  if  it  were  poeeible  to  shave 
the  plants  off  close  to  the  earth,  as  pasturing  sheep  might  do. 

Highly  interesting  experimente  might  be  made  by  trying  to  put 
these  grasses  to  methodical  use;  and  the  same  might  ba  said. 
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indeed,  of  many  other  kinds  of  veeda  also.  Chemically  con- 
sidered,  moat  weeds  are  highly  charged  with  nutritive  matters, 
and  vays  and  means  could  doubtless  leadily  be  found  out,  after 
ft  little  study,  of  utilizing  them.  Processes  of  ensilaging  would 
naturally  su^^t  tliemselvas  aa  one  resource,  the  more  especially 
becauRe  applicable  even  late  in  the  autumn,  and  because  the  seeda 
of  ensilaged  plants  would  neither  he  scattered  about  the  barn  floor, 
nor  yet  be  apt  to  escape  digestion  in  the  intestines  of  animals. 


CHAPTER  XXn. 

PASTUBES. 

Ons  fiindamental  conception  in  the  minds  of  many  New  England 
farmers  is,  that  the  land  devoted  to  pasturage  upon  any  given  farm 
should  either  be  poor  land  or  rocky  land,  or  land  so  inaccessible 
that  it  could  hardly  he  used  for  any  other  purpose,  unless,  indeed, 
it  were  left  to  cover  itself  with  wood.  The  conception  is  a  good 
one,  and  there  are  reasons  why  it  should  have  special  force  in  this 
region.  It  is  true,  of  course,  of  many  other  countries,  that  there 
are  certain  situations  where  the  land  mast  be  used  for  pastures  if  it  is 
to  be  used  at  all.  The  sides  of  high  mountains,  aa  in  Switzerland, 
and  of  many  steep  hills  all  over  the  world,  must  he  so  used,  because, 
if  the  sod  were  once  broken,  the  soil  would  speedily  he  washed 
away  by  rains. 

In  Europe,  however,  these  wild  pastures  occur  only  in  special  lo- 
calities, where  they  are  put  to  use  either  for  producing  butter,  cheese, 
or  wool ;  and  it  is  customary  in  that  country  to  recognize  another 
hind  of  rich  or  feeding  pasture,  which  is  used  for  fattening  homed 
cattle,  or  for  keeping  working  oxen  or  milch  cows,  or  the  choicest 
mutton  sheep.  These  richer  pastures  are  usually  maintained  in 
such  condition,  that,  if  cattle  were  kept  out  of  them  and  the  grasa 
were  left  to  grow,  they  might  justly  be  regarded  as  good  mowings 
fields.  It  sometimes  happens,  in  fact,  that  these  fields  are  mown  and 
depastured  alternately.  In  the  vicinity  of  Boston  there  are  several 
reasons  which  work  against  the  adoption  of  this  system.  Most  of 
the  beef  consumed  in  the  locality  is  brought  nowadays  fmm  distant 
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re^ona  tliat  are  comparatively  speakiog  wild,  either  at  the  West  or 
the  North,  for  there  is  no  longer  aoy  adequate  profit  to  be  gained  in 
lower  Hew  England  by  rearing  and  fattening  animals.  But  there 
is  nevertheless  much  rough  and  poor  land  that  is  6t  for  nothing  bat 
pasturage  which  needs  to  be  put  to  use,  and  the  usual  plan  is  to 
keep  cows  upon  it  for  the  production  of  milk  or  butter. 

So  much  hay  is  needed  withal  for  use  during  the  long  wintera, 
and  there  is  so  quick  a  demand  for  merchantable  hay,  that  the  farm- 
ers are  incited  to  grow  hay  on  all  Lind  where  it  can  he  grown  aud 
harvested  with  advantage,  rather  than  to  establiali  rich  feeding  pas- 
tures such  as  are  seen  abroad.  Exceptions  to  this  general  rule  occur 
of  course  almost  everywhere,  and  there  are  localities  in  this  country 
where  many  rich  pastures  are  kept  up  ;  but  the  practice  is  none  the 
less  an  exceptional  one.  In  New  England  the  problem  is  clearly 
how  to  make  the  most  of  the  rough  rocky  or  sandy  pastures,  —  to 
learn  how  to  keep  them  from  "running  out," and  how  to  treat  them 
in  order  to  obtain  tlie  largest  possible  profit. 

Rougk  Pattura  an  Incident  of  Low  Farming. 

It  may  be  said  of  these  rough  pastures,  as  contrasted  with  the 
smooth  feeding-grounds  of  Europe,  that  it  would  he  hard  to  find  a 
better  illustration  of  extensive  as  against  int«nsivB  fanning  than 
they  afford.  As  has  been  already  explained,  it  is  possible  in  some 
situations  to  obtain  the  largest  proGt  by  expending  much  labor  and 
money  upon  the  land  for  the  sake  of  getting  large  crops,  even  at 
considerable  cost,  while  in  other  places  it  will  be  proper  to  expend 
the  least  practicable  amount  of  labor  and  money  in  order  that  the 
cost  of  producing  whatever  is  produced  may  be  kept  at  a  very  low 
point.  In  respect  to  their  pastures,  at  least  most  Kew  England 
fanners  are  so  circumstanced  that  they  are  compelled  to  manage 
them  on  a  basis  of  low  farming. 

It  has  happened  in  Europe  that  the  amount  of  pasture  land  has 
largely  decreased  as  the  country  became  more  densely  popolatcil. 
As  nearly  as  can-be  made  out,  the  proportion  of  pasture  land  to  ara- 
ble land  in  England  in  the  fourteenth  century  was  as  20  to  1, 
though  it  was  known  even  then  that  the  amount  of  pasture  had 
been  gradually  decreasing.  Nowadays,  the  proportion  of  pasture  to 
arable  in  Great  Britain  is  barely  1  : 1,  and  until  verj-  recently  the 
tendency  has  constantly  been  towards  the  diminution  of  the  area  of 
pasturi^e.  Under  the  conditions  that  had  obtained  in  En^and  for 
a  century  oi  more  until  the  present  time,  it  was  found  to  be  mors 
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profitable  to  grow,  in  addition  to  grain,  great  crops  of  roots  and 
clover,  or  the  like,  and  to  feed  cattle  upon  these  products,  together 
with  oil-coke  and  straw,  than  it  would  have  been  to  pasture  the 
animals.  Quite  receutly,  however,  grain  haa  been  imported  so 
cheaply  into  Eoglanil,  and  the  cost  of  agricultural  labor  in  that 
country  has  so  decidedly  increased,  that  the  area  of  pasture  land 
now  tends  to  increase,  and  during  the  last  few  years  the  increase  is 
said  to  have  been  rapid. 

Only  a  few  yeara  since,  it  was  argued  in  England  that  the  mere 
straw  of  a  good  wheat  or  bean  crop  is  worth  nearly  or  quite  as 
much  for  feeding  animals  as  the  whole  produce  of  many  an  ordinary 
pasture.  The  matter  of  course  turned  largely  on  the  fact,  that,  hy 
keeping  stock  up  and  feeding  them  heavdy,  as  was  customary  then 
in  England,  enormous  quantities  of  manure  were  obtained,  and  pro- 
portionally large  crops  of  grain  were  grown  by  means  of  tJie  manure. 
The  damp  climate  of  England  lends  itself  to  this  system  of  hus- 
bandry by  enabling  the  crops  to  put  the  manure  to  use. 

Where  the  supply  of  land  is  limited,  and  the  demand  for  agricul- 
tural products  is  unlimited,  it  is  profitable  to  cultivate  land  deeply 
and  frequently,  to  manure  it  heavily,  and  to  irrigate  it  if  need  bo  j 
in  short,  to  work  it  to  the  limit  of  its  cajtacity.  But  in  the  lace  of 
such  conditions  as  these  pasture  land  cannot  long  exist,  and  even 
mowing  lands  can  hardly  be  tolerated,  unless  indeed  their  purpose 
is  to  furnish  hay  of  soperior  quality  for  city  horses  and  pleasure 
homes  that  are  kept  for  hunting  or  riding. 

It  should  be  said,  in  passing,  that  the  parks  of  England  have 
always  been  an  exception  to  the  foregoing  generalization.  Enor- 
mous tracts  of  park  land  are  there  pastured,  some  with  sheep,  some 
with  cattle,  and  some  indeed  with  deer,  and  this  pasturing  of  parks 
is  an  important  branch  of  husbandry.  But  it  is  plain  that  the 
money  thus  gained  is  of  the  nature  of  salvage  from  a  wreck,  —  the 
beauty  and  the  privacy  of  the  park  are  the  first  points  to  be  con- 
sider^ These  are  the  crops,  so  to  say,  which  the  land  is  made  to 
hear,  and  their  value,  like  their  cost,  is  very  groat.  After  those 
considerations  have  been  satisfied,  anything  which  can  be  gained 
from  the  land  without  interfering  with  its  beauty  or  its  privacy, 
whether  by  means  of  pasturage  or  in  any  other  way,  may  be  counted 
as  clear  gain. 

It  is  an  interesting  fact  withal,  that  much  of  the  park  land  of 
England  is  said  to  be  of  rather  inferior  quality;  well  enough 
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suited  for  pasture  land  indeed,  in  the  American  sense,  bat  not  bo 
suitable  for  tillage  aa  the  generality  of  the  land  that  is  actual!; 
tilled.  Advantage  might  he  gained,  no  doubt,  in  many  situations 
in  this  country,  hy  copyii^  some  features  of  the  English  methods 
of  inanaging  such  land,  either  by  maintaining  permanent  pastures  as 
good  as  theirs,  or,  at  the  least,  by  estahlishii^  permanent  mowing- 
tields  of  suitable  grasses  upon  light  lands  that  are  unfit  for  timothy, 
instead  of  reseeding  them  at  frequent  intervals,  as  is  the  custom 
now.  On  fairly  good,  well-moistened  land,  the  American  method 
of  growing  timothy  is  unquestionably  a  good  method.  But  on 
poorer  land,  some  system  which  looks  to  grasses  of  lighter  yield  in- 
deed, hut  fitter  quality,  would  be  better.  And  this  last-named  sys- 
tem would  he  closely  allied  in  its  essential  features  to  the  method 
DOW  actually  practised  in  Europe. 

Land  cannot  he  JtUlj/  uted  by  patturing  it. 

It  may  be  said  of  land  devoted  to  pasturage,  that  only  a  thin 
layer  of  the  surface  soil  is  put  to  use,  while  hy  the  deep  cultivation 
that  is  required  for  roots  and  other  bood  crops,  the  land  can  be  util- 
ized to  a  much  greater  depth.  So  long  ago  as  1800  the  ijiglish 
Board  of  Agriculture  reported  to  Parliament  that  an  acre  of  clover, 
tares,  rape,  potatoes,  turnips,  or  cabbies  will  furnish  at  least  thrice 
as  much  food  as  the  same  acre  would  have  done  had  it  reouuned  in 
pasture  of  a  medium  quality  ;  and  consequently,  that  the  same  ex- 
tent of  land  would  maintain  at  least  as  much  stock  as  when  in 
grass,  besides  producing  every  other  year  a  valuable  crop  of  grun ; 
and  thia  independently  of  the  value  of  the  straw,  which,  whether 
consumed  as  litter  or  as  food  for  eattle,  will  add  considerablj  to  the 
stock  of  manure. 

Soiling  or  Pattitrage, 

In  case  a  New  Englander  should  wish  to  establish  rich  pasture*^ 
for  the  support  of  railch  cows,  for  example,  the  question  would  im- 
mediately arise,  whetlier  it  would  not  be  better,  all  things  consid- 
ered, to  "  soil "  the  cows  than  to  pasture  them.  That  is  to  say. 
Would  it  not  be  beat  to  grow  great  crops  of  rye,  oats,  maize,  barley, 
and  sorghum,  to  be  mown  before  maturity,  or  clover,  hnngariui 
grass,  and  cow  peas,  to  be  cut  green,  and  fed  out  to  the  cattle  in  the 
barn,  rather  than  to  strive  to  maintain  for  them  pastures  equal  to 
those  of  some  of  the  moister  regions  of  Europe  ? 

It  is  evident  enough  that  eren  in  Europe  rich  pastures  often  de- 
pend in  some  measure  upon  tradition,  not  to  say  superstition,  ntber 
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than  upon  fitnesa.  Most  of  them  have  been  inherited  bom  times 
when  artificial  mtuiuies  were  not  to  be  had,  and  when  it  was  re- 
garded as  an  essential  tenet  of  good  husbandry  that  Und  should  be 
made  to  support  itself.  Tlie  matter  u  greatly  complicated,  uore- 
OTsr,  with  legal  restrictions  and  old  forma  of  leases,  and  incumbrances 
upon  land,  that  have  no  earthly  significance  nowadays,  except  thnt 
they  hamper  the  farmer  and  prevent  him  from  usinj;  the  land  as  he 
might  like.  It  is  probable  that  there  are  many  pastures  in  Europe  ; 
to-day  that  would  yield  a  much  higher  profit  if  they  were  worked 
as  hay-fields,  and  the  hay  were  sent  to  the  great  cities  for  sale.  It 
would  be  an  interesting  problem  in  practical  agriculture  to  determiue 
what  method  of  keeping  up  the  fertility  of  such  fields  would  be  the 
must  economical,  all  things  considered. 

In  Europe,  the  companitive  merits  of  soilii^  cattle,  or  of  pastur- 
ing them  upon  rich  pastures,  have  been  not  a  little  debated.  It 
otleu  happens  there  that  the  advantages  of  the  two  plans  seem  to 
be  pretty  evenly  balanced,  though  it  is  recognized  that  the  question 
has  so  many  different  bearings  that  it  is  hard  to  arrive  at  any  general 
conclusion  which  shall  be  applicable  to  all  cases. 

Soiling  is  specially  esteemed  in  countries  where  lucern  and  sain- 
foin thrive.  Neither  of  these  crops  is  well  suited  for  pasturing,  but 
where  they  can  be  grown  successfully  it  is  easy  to  obtain  from  them 
large  quantities  of  fodder,  both  for  soiling  cattle  in  summer  and  for 
making  hay  gainst  the  winter's  need,  and  this  at  comparatively 
small  cost  for  labor  and  manure.  Under  such  couditioos  of  soil  and 
climate,  soiling  is  forced  upon  the  farmer.  He  has  really  no  choice 
in  the  matter.  But  with  plants  that  can  be  depastured  the  problem 
is  leas  simple. 
Amount  of  NutriUvt  ifaUerfrom  a  Field  ukm  Soiled  or  Pattured, 

One  difficulty  encountered  in  the  very  beginning  by  the  scientifia 
inquirer  is  to  determine  how  much  nutritive  matter  can  be  got  from 
a  given  field  of  gross  or  clover  by  the  method  of  pasturing,  as  com- 
pared with  that  obtainable  from  the  same  field  by  the  method  of 
aoiliug.  Complications  immediately  arise  because  of  the  waste  due 
to  the  treading  of  the  animals,  to  their  unequal  feeding,  and  to  their 
dung  killing  or  injuring  the  grass  where  it  falls.  Attempts  have 
been  made  to  obtain  an  approximative  answer  to  this  question  by 
plucking  young  clover  plants  from  one  part  of  a  tield,  in  imitation  of 
the  feeding  of  cattle,  and  subsequently  mowing  the  plants  from  an 
adjacent  part  of  the  field  when  they  were  in  blossom.  The  results 
obtained  were  as  follows :  — 
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YMd  In  Kllagntiu  per  RccUn. 

1S6S,  placted    ....     41-^fl.O  1IJ3.1         ]9t8.S        666.5        872.9 

1SC9,  plucked    ....     4138.5  1121.4        IVS3.0        692.3        872.9 

1863,  iDDvrn  3  tiin«s    .    .     0B62.3  1182.0        813G.6      1824.6        538.6 

1369,  mowD  twice  and  then 

plucked 6614.0  945.2        S503.4      17S2.S         413.2 

The  agreement  between  the  two  years  is  remarkably  close,  ex- 
cepting the  nitrogoiiizod  matters  of  the  mown  clover.  Total  pri>duct, 
nitrogenized  matters  and  carbohydrates  are  all  larger  in  the  case  of 
the  mown  clover  tbaii  in  that  which  was  plucked  in  imitation  of  the 
pasturing  of  aninmk.  In  order  to  test  tlie  question  as  to  the  com- 
parative digestibility  of  the  two  kinds  of  fodder,  Wciske  fed  a  couple 
of  ycar-and-a-half  old  wcthera,  first  with  the  mown  hay  and  then 
with  the  plucked  hay,  and  obtained  the  results  given  in  the  table, 
The  crops  of  18G9  contained  the  following  amounts  of  digestible 
matters  (kilos)  per  hectare ;  — 

Di~.i,.j  Hown  tvloe  and 

nuckeu.  ^^^  [jatkeJ. 

OrRiinIc  mutter 2341.0  3930.4 

NitrngPiiizcd  jnaltcra    ....      876.9  639.2 

Fat ]3.>.l  156.8 

Cellulose 465.3  866.0 

(^rbohydntt^B 1363.S  2308.4 

Aah 116.0  118.2 

Whence  it  appears  that  there  was  a  larger  yield  of  digestible  ni- 
trogenized  matters  froiu  the  young  clover,  and  a  smaller  yield  of  di- 
gestible caTboli3'd rates  and  cellulose.  NitrogenizeU  food  is, as  anile, 
more  costly  than  the  carboliydrates ;  hence  it  would  ecem,  at  fimt 
eight,  as  if  tlio  superior  quality  of  the  pastured  grass  might  more 
tlian  balance  the  larger  quantity  of  mown  hay.  This  is  evidently 
simply  a  matter  of  hguring:  it  could  be  answered  by  referring  to 
the  prices  of  nitrogenized  matters  and  carbohydrates  in  any  given 
IrKnlity.  But  in  the  computation  an  allowance  would  have  to  bo 
maile  for  the  costs  of  mowing  and  carrying  the  green  fodder,  or  of 
making  the  hay.  Local  circumstances  would  have  to  determine 
whether  it  would  cot  be  better  to  buy  cotton-seed  meal  or  malt 
sprouts,  or  some  other  highly  nitrogenous  food,  to  mix  with  the 
mown  clover,  than  to  content  one's  self  with  the  smallei  gross  yield 
of  materiiil  o\>tainod  by  pasturing. 

It  should  be  said  that  these  experiments  with  red  clover  do  not 
necessarily  apply  very  closely  to  pasture  grass,  which  withstands  the 
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biting  of  cattle  much  better  than  red  clover  can,  and  which  would 
perhaps  give  a  larger  yield  of  gross  product  when  constantly  cropped 
tlian  led  clover  could. 

The  general  conclusion  drawn  from  these  German  experiments 
seemed  to  be,  that,  if  the  soil  were  good  enough,  and  the  conditiuna 
were  sufficiently  favorable  to  admit  of  mowing  a  field  three  times 
a  year,  it  would  be  more  profitable  to  soil  cattle  upon  tlie  produce 
of  such  a  field  than  to  pasture  them  there,  while,  if  only  two  cut- 
tings could  be  made  in  a  year,  the  advantages  of  soiling  might  he 
questionable.  For  such  fields  as  these  there  b  an  alternative 
method,  which  ia  employed  in  cool  climates.  That  is  to  say,  in- 
stead of  soiling  the  cows,  they  may  be  tethered  methodically  upon 
the  grasa-lanil,  as  ia  often  done  in  Denmark.  In  localities  where 
cattle  are  tetbered  or  soiled,  fences  are  wholly  superfluous,  and  are 
in  fact  unknown. 

The  soiling  of  grass  is  evidently  at  its  best  in  places  where  many 
cuttings  can  be  got  from  the  fields  each  year.  This  la  seen  at  the 
irrigated  meadows  below  Edinburgh,  where  as  many  as  four  or  five 
cuttings  of  young  and  succulent  grass  are  obtained  each  season. 
There  is  a  seven-acre  meadow  at  another  locality  near  Edinburgh 
that  has  produced  from  four  cuttings  sixty  long  tons  of  grass  to  the 
acre  in  one  year ;  which  means  more  than  twelve  tons  of  hay  to  the 
acre.  Such  grass  is  so  rank  that  it  has  to  be  cut  very  often,  or  it 
would  rot  at  the  roots.  It  is  to  be  remembered  withal,  that  there 
would  be  no  sense  in  pasturing  such  land,  even  if  that  were  practi- 
cable, since  it  receives  already  more  manure  then  it  can  put  to  use. 
The  droppings  of  animals  upon  such  land  would  be  worse  than  lost, 
—  they  would  be  a  mere  incnmbi-ance.  So  with  meadows  that  are 
irrigated,  not  with  sewage  like  those  at  Ediiibuigh,  hut  with  brook- 
water.  They  would  often,  practically  speaking,  be  sufficiently  ma- 
nured by  the  wat-cr,  and  would  not  need  the  dung  of  the  animals 
tliat  were  fed  from  them.  In  many  cases,  this  dung  had  ranch  betfjir 
be  put  upon  other  fields.  Poggendorff,  in  his  "  Landwirtlisehaft  in 
Belgien,"  tells  of  some  warped  meadows  near  Ghent,  where  the  gross 
is  cut  three  times  a  year,  yielding  in  favorable  seasons  four  and  a 
half  tons  of  hay  to  the  English  acre. 

In  all  such  cases  there  would  be  special  reasons  why  soiling 
would  be  bettor  than  {Kisturing.  One  great  advantage  in  sniling, 
that  is  obtained  in  nil  coses,  is  the  power  it  gives  the  farmer  of  ilis- 
tributing  the  dung  of  Ids  cattlo  occonling  to  his  own  pleasure. 
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When  oatUe  are  at  pastme,  thair  manure  is  of  course  scatteied  hera 
oud  there,  without  any  semblance  of  legiUaiity.  lu  some  parta  of 
the  field,  where  the  cattle  leet  in  the  shade  or  sleep  at  night,  the 
laud  u  very  much  over-manured,  vhile  other  ports  of  the  field  get 
no  manure  at  all.  There  ia  a  considerable  waste  of  manure  withal, 
what  with  the  decay  of  the  dung  in  full  air,  and  the  oousomption 
of  its  nitrogenouB  constitueuts  hy  insects. 

WatU  of  Dung  m  Wild  PaOura. 

There  can  be  no  doubt  that  the  dispersion  of  dung  in  New  Eng- 
land pastilles  is  a  great  source  of  waste.  All  experience  teaches 
that,  if  ten  tons  of  manure  be  spiead  upon  an  acre  of  land,  it  will 
exert  a  very  beneficial  influence  upon  the  growth  of  the  crop,  what- 
ever the  crop  may  be ;  but  if  these  teu  tous  were  scattered,  no  mat- 
ter how  evenly,  upon  a  hundred  acres  of  land,  it  is  to  the  last 
degree  probable  that  no  one  would  be  able  to  peroeive  that  any 
good  came  of  it.  A  certain  amount  of  concentration  of  force  is 
needed  in  order  to  produce  useful  efiects,  whether  the  force  comes 
from  dung  or  from  any  other  source.  It  ia  true  enough  that  cou- 
etant  dropping  may  wear  away  stones,  as  the  proverb  tells  us ;  but 
the  mere  pushing  or  pulling  of  a  young  child,  no  matter  how  long 
continued,  cannot  move  a  heavy  load.  And  with  this  last  illustra- 
tion may  fairly  be  compared  the  action  of  dung  that  has  been  too 
thinly  scattered  upon  a  field ;  for  just  as  the  force  exerted  by  the 
child  camiot  overcome  friction  and  inertia,  eo  tlie  too  small  amount 
of  manure  cannot  overcome  the  waating  or  neutralizing  inllueD(;es 
with  which  it  is  beset.  Washing  and  leaching  by  rain,  tbe  decom- 
poeiag  action  of  tbe  air  and  of  hving  tilings,  perhaps  even  the  ab- 
sorption or  fixing  of  tlie  fertilizing  constitueuts  by  the  soil  itself, 
may  all  work  to  annul  the  economic  action  of  the  thinly  scattered 
dung.  Hence,  a  large  bare  pasture  profits  very  little  from  the  dong 
and  urine  that  fall  upon  it 

Paiturtt  differ  from  Moaing-Fiddt. 

The  problem,  how  best  to  manage  a  pasture,  differs  not  a  litUe  from 
that  of  keeping  up  a  mowing-field,  because  the  treading  dunging 
biting,  and  resting  of  cattle  have  a  very  marked  influence  to  favor 
the  growth  of  some  kinds  of  plante  and  to  destroy  others.  Timo- 
thy, for  example,  which  is  so  highly  esteemed  for  hay,  is  quite  unfit 
to  be  sown  as  a  pasture  grass,  because  it  auffera  very  much  from  the 
close  cropping  of  cattle.  Moreover,  a  very  different  result  is  sought 
fur  in  pastures  from  what  is  espectcdof  mowing-fields.     When 


jbvGooglc 


OLD  FASTUBEa  481 

grass  is  to  be  mown  for  ha;,  it  is  thought  to  be  impoitant  to  hava 
ouly  such  kinds  growing  together  as  will  come  to  ntaturity  at  about 
tho  same  time,  in  otder  that  the  hay  produced  may  be  of  uniform 
quality  and  duly  ripe.  But  in  a  pasture,  the  precise  opposite  of 
this  is  desirable.  In  the  pasture,  there  will  be  needed  a.  great  va- 
riety of  grasses,  —  some  Uiat  come  up  early  in  the  spring,  and  oth- 
ers that  prosper  best  in  autumn.  It  is  well  to  have  some  kinds 
that  mature  early,  some  that  flourish  in  the  heat  of  summer,  and 
some  that  come  on  later.  In  short,  the  aim  is  to  have  in  a  pasture 
a  succession  of  succulent  and  nntritious  plants,  from  early  spring  to 
late  autumn.  lu  Xew  England  tbe  problem  nowadays,  and  it  will 
doubtless  be  the  same  for  many  years  to  come,  is,  not  so  much  to 
keep  pastures  in  first-rate  condition,  as  it  is  to  keep  them  from 
actually  running  wild;  and  especially  tu  subdue  those  that  have 
already  run  wild. 

Pattm-e*  may  run  ovt  or  run  vHd. 
There  an  two  distinct  tendencies  to  be  seen  in  the  pasture  lands 
of  thb  region.  They  tend,  upon  tho  one  hand,  to  run  wUd,  and 
upon  the  other,  to  "run  out."  Much  of  the  pasture  land  in  New 
England,  perhaps  the  larger  part  of  it,  has  never  been  really  sub- 
dued. Tbe  fint  settlers  cut  down  the  ori^nal  forest,  burnt  the  logs 
and  brushwood,  and,  after  getting  a  crop  of  rye  from  the  ashes, 
either  left  the  laud  to  itself  to  be  pastured  as  lung  as  possible,  and 
again  to  be  out  off  and  burnt  when  overgrown  with  brushwood ;  or, 
at  tbe  beat,  in  later  years  the  practice  has  been  to  scatter  with  the 
rye  on  the  burnt  land  such  grass  seed  as  has  been  shed  by  hay  in  the 
bam.  Such  seed,  that  is  to  say,  as  can  be  got  hy  sweeping  the  floors 
of  mows  and  hay-lofts.  In  this  case  also,  the  laud  is  used  as  a  pas- 
ture as  long  as  there  is  grass  enough  upon  it  to  tempt  the  cattle. 
But,  as  a  matter  of  course,  hushes  are  apt  to  spring  up  on  such 
land,  and,  in  case  the  forest  growth  was  hard  wood,  many  sprouts 
from  the  half-killed  stumps  come  up  also,  so  tliat  after  compara- 
tively few  years  the  ao-oalled  pasture  reverts  to  woodland,  often  of 
a  very  worthLesa  sort,  and  has  to  be  cut  over  and  burned  anew,  like 
the  original  forest.  One  difficulty  with  which  farmers  have  to  deal 
is  to  prevent  their  pastures  from  thos  ninning  wild.  But,  on  the 
other  hand,  in  case  no  buahna  at  all  should  grow,  pastures  are  still 
apt  to  "run  out,"  as  the  term  is.  That  is  to  say,  the  good  grasses 
die  out,  and  their  place  is  taken  by  other  kinds  of  grasses  of  much 
less  value.     Whether  it  is  that  the  bad  grasses  push  out  the  good, 
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ftnd  take  pomesaioti  of  the  ground  bj  mere  brute  force,  as  it  were, 
or  tliat  the  good  grauea  die  out  from  lack  of  proper  uoumbment, 
has  never  been  accurately  determined,  though  the  commoa  belief  is 
that  pastures  run  out  in  this  way  because  the  land  is  exhausted. 
Doubtless  the  two  causes  above  mentioned  work  to  help  oacb  other, 
and  a  mora  precise  statement  of  the  matter  than  the  one  commoiil; 
accepted  would  be  to  eaj,  that  the  had  graasea  get  the  upper  hand 
aiinply  because  they  happen  to  be  specially  well  fitted  to  bear  the 
combinatiou  of  drought  and  lack  of  fertility  which  is  to  be  found 
in  80  many  old  pastures.  It  should  be  said,  that  these  run  out  pas- 
tures are  found  moat  frequently  upon  sandy  or  gravelly  plains  and 
hillocka  The  original  growth  of  such  lands  was  often  pine  trees, 
so  that  the  land  got  pretty  thorougldy  cleared  at  the  start,  and  the 
tendency  for  it  to  grow  up  to  bushes  was  less  tliau  if  it  had  been 
beset  with  hard-wood  stumps. 

The  bad  grasses,  now  iu  question,  are  classed  by  fannere  under 
the  generic  name  of  "  white  top."  They  are  characteriasd  by  the 
remarkable  iacility  with  which  they  run  to  seed  ;  and,  aa  ia  the  case 
with  many  other  grasses,  cattle  will  not  eat  them  when  once  they 
have  shot  up  and  formed  seed-bearing  ears.  The  wild  oat-grass 
(Danthonia  apioata)  may  be  taken  as  the  representative  "  white-topL" 
It  lias  a  stem  about  a  foot  high  and  it  flowers  in  June.  When  this 
grass  first  appeals  in  the  spring,  it«  leaves  and  stems  are  eaten  by 
cattle,  and  it  donbtless  aflbrda  very  ftir  pasturage  at  that  tdme ;  bnt 
it  resembles  the  grains  proper  in  that  it  quickly  shoots  up  to  meie 
straw  and  seed,  and,  as  a  matter  of  course,  it  throws  into  the  seeds 
moat  of  the  nourishment  that  waa  originally  contained  in  the  leaves 
and  young  stem.  The  seeds  an  comparatively  speaking  large,  and 
they  are  extremely  numerous,  so  that  a  considerable  crop  ia  really 
grown  npon  the  land. 

It  is  from  its  conspicuous  tufts  of  seeds  that  the  grass  gets  its 
popular  name.  Many  of  the  seeds  are  so  protected  by  be&nl  and 
husks  that  cattle  will  not  eat  them,  and  in  case  they  were  eaten  it 
ia  probable  that  their  vitality  would  not  be  impaired,  while  other 
seeds  are  concealed  beneath  the  leaf-sheatlis,  so  that,  in  the  ^gre- 
gate,  vast  numbers  of  tiieni  fall  back  upon  the  land  to  keep  up  the 
stock  of  this  pccidiarly  objectionable  grass.  Probably  it  is  the 
enormous  production  of  seeds  that  enables  the  white-top  to  crowd 
out  most  other  kinds  of  grasses  from  poor  soils.  Where  the  laud 
is  rich  enough  to  permit  the  growth  of  free-growing  sQCGulent 
grasses,  they  would  ratumlly  smother  the  Dauthonia. 
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No  doabt,  if  it  were  economicaHy  possible  to  eollect  and  steam 
tlie  dry,  repellent  stalks  and  seeds  of  white-top,  cattle  would  eat 
ftnd  digest  them  readily  enough,  and  be  supported  by  them.  But 
the  burden  of  the  grass  is  too  light  to  ptirmit  any  such  practice  as 
this  to  be  thought  of,  and  the  only  alteroative  is  to  devise  methods 
of  crowding  out  the  whitfrtop  by  "bringing  in"  the  better  grasses. 
liethodt  of  renovtUwg  Pattwt*. 

Ploughing  up  the  pasture  and  reseeding  it,  either  with  or  with- 
out cnltivation  and  manure,  is  one  way  of  proceeding.  It  is,  in 
iact,  the  first  way  that  suggests  itnelf  to  the  mind  of  the  average 
New  Euglander,  and  it  has  undoubtedly  been  lai}{ely  practised.  It 
has,  however,  by  no  means  approved  itself  to  be  the  best  way,  even 
in  those  comparatively  rare  instances  where  the  character  of  the 
land  is  snch  that  ploughing  is  permissible.  But  upon  nine  tenths 
of  OUT  pasture  land  ploughing  is  hardly  to  be  thought  of.  Mucli  of 
the  land  is  so  rocky  that  it  cannot  be  ploughed  at  all ;  and  in  the 
wild  bush  pastures,  though  it  is  sometimes  possible  to  plough  by 
means  of  several  yoke  of  oxen,  the  cost  of  the  operation  would  be 
out  of  all  proportion  to  the  gain. 

Ad  ingenioas  substitute  for  ploughing,  which  I  have  myself  seen 
pnt  in  practice  upon  a  very  rocky  and  hilly  pasture  in  New  Hanip> 
shire,  is  to  turn  out  a  herd  of  lean  swine  upon  the  land,  and  to 
scatter  thinly  about  the  pasture  Indian  com  enongh  to  keep  tlie 
animals  growing  indeed,  hut  very  hungry.  Under  these  condi- 
tions, the  h<^  root  up  all  the  grass  and  eat  it,  roots,  stems,  and 
seeds ;  they  clear  the  land  of  worms  and  insects,  and  the  t^fi  of 
insects,  and  till  and  manure  it  pretty  thoroughly  in  spite  of  stones 
and  rocks,  so  that  grass  seeds  scattered  upon  the  surface  of  the 
ground  after  the  swine  have  been  removed  find  a  very  good  oppoi^ 
tuiiity  to  take  root  and  to  grow.  It  is  no  discredit  to  this  really 
effective  method  of  husbandry,  that  it  seems  to  have  been  firet  sug- 
gested by  Dean  Swift,  as  a  palpable  absurdity. 

Of  course  there  are  coses  and  places  where  the  ploughing  up  of  a 
pasture  is  the  best  method  of  rauovating  it,  and  it  may  often  be 
possible  to  do  this  methodically,  as  was  the  custom  in  the  old  gross 
rotations  of  Europe.  Even  in  this  country,  our  ancestors  occasion- 
ally came  very  near  the  doing  of  this  thing.  In  lower  New  Hamp- 
shire at  the  beginning  of  this  century  there  were  farmera  who 
ploughed  up  every  year  a  part  of  their  pasture  land  anil  seeded  it 
down  to  rye.    After  the  rye  harvest  they  allowed  sheep  to  run  tipon 
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the  stubble  so  that  the  laud  shoold  be  manoied  j  but  thej  made  the 
mistake  of  leaving  the  land  to  itself  for  grass  aud  clover  to  come 
in  nstuially,  as  was  the  &shion  in  those  days.  It  woold  probably 
have  been  better  to  sow  grass  seed  with  the  lye,  or,  possibly,  after 
the  sheep,  and  so  have  made  a  methodical  bueiuess  of  it.  It  is  true, 
however,  that  fur  rough  or  poor  land  which  is  already  in  pasture 
the  utility  of  ploughing  is  a  very  questionable  matter,  unless  indeed 
the  giaea  is  pretty  thoroughly  run  out.  Generally  speaking,  the 
ploughing  of  any  pasture  which  is  etill  in  tairly  good  condition  is 
deprecated  both  by  those  formeis  who  have  have  had  most  expe- 
rience with  pastures,  and  by  the  residents  of  old  countries  where 
pastures  hare  long  been  kept  up. 

It  should  be  ssid,  in  pareutheeis,  that  comparatively  few  Ameri- 
cana really  know  much  about  the  maintenance  of  pastures.  We 
have  few  traditions  on  the  subject  and  very  little  experience.  It  is 
but  a  very  few  years,  comparatively  speaking,  since  the  question  of 
improving  pastures  has  been  much  discussed  in  this  country ;  and, 
it  would  appear  that  the  tirst  idea  that  came  into  men's  minda 
was  to  plough,  cultivate,  aiid  lay  down  to  grass ;  then  mow  two  or 
three  years  for  hay,  and  finally  revert  to  pasture.  But,  as  the  years 
roll  on,  the  European  opinion  that  it  is  unwise  ever  to  plough  lattd 
tliat  is  to  be  used  for  pastor^e  gains  strength  in  some  of  our  grac- 
ing regions. 

Riehiteit  of  aid  Pa$turt$. 

It  is  said  that  the  grass  of  the  old  European  pastures  that  have 
never  been  ploughed  starts  earlier  in  the  season  than  that  of  newly 
made  pastures  ;  that  it  endures  later  in  the  autumn,  and  that  the 
milk  from  such  pastures  is  richer,  tliat  is  to  say  less  watery,  than 
that  from  land  which  has  been  reseeded.  This  last  item  ceases,  of 
course,  to  be  one  of  advantage  to  the  milkman  who  wishee  to  sell 
milk  as  milk.  But  if  the  intention  is  to  make  butter  or  cheese, 
there  is  an  advantage  in  the  milk  from  old  peatutes,  since  a  emaller 
number  of  quarts  of  such  milk  will  make  a  given  amount  of  butter 
or  of  cheese.  One  computation  has  been  publi^ed,  to  the  effect 
that  ten  quarts  of  old-pasture  milk  will  make  a  pound  of  butter, 
while  as  many  as  thirteen  quarts  are  required  to  that  end  when  the 
milk  is  bbtaiaetl  from  pastures  that  have  been  recently  laid  down. 

One  resBon  of  the  poverty  of  new-made  pastures  in  this  country 
appears  to  be  that,  in  seeding  down  laud  to  gross,  we  neitheruse  the 
kinds  of  seeds  that  are  best  fitted  fur  pastures,  nor  sow  a  sufficient 
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TBriety  of  graiaes.  Timothy,  red-top,  and  red  clover  may  possibly 
be  the  beat  mixture  for  the  majority  of  out  mowitig-fields ;  hut  it 
ifl  Teiy  certain  that  these  grasses,  excepting  red-top,  are  not  well 
adapted  for  pastures.  Ah  was  just  now  said,  there  is  needed  in  pas- 
tures a  great  variety  of  grasseo,  aome  to  come  early  and  others  late, 
and  others  between  times ;  some  to  grow  ia  spite  of  droi^ht,  and 
others  to  prosper  beat  in  rainy  weather ;  each  kind  to  grow  in  the 
spaces  between  the  rest,  and  to  feed  npoQ  what  the  others  leave. 
One  thing  ia  true,  at  all  events,  viz.  that  it  is  not  eaay  by  artificial 
means  quickly  to  produce  such  sward  as  is  seen  in  good  old  paatores. 
It  could  be  done  in  time,  perhaps,  by  laying  down  the  land  as  for  a 
lawn,  and  then  cropping  the  gmsa  continoally  with  a  lawn-mower, 
as  a  preliminary  to  the  admiatiion  of  cattle.  But  with  what  diffi- 
culty, and  at  what  a  cost  I 

Many  farmers  try  to  keep  down  their  bush  pastures  by  going 
through  them  in  August  with  a  abort  scythe,  the  so-called  bush- 
scythe,  and  subsequently  burning  the  dry  brush  upon  the  stumps 
of  the  bushes.  This  is  a  very  inefficient  method,  nnlees,  indeed, 
the  huahes  are  juniper  or  some  other  resinous  ehnib,  in  which  event 
the  bush-hook,  or  even  a  hatchet,  axe,  or  bill-hook,  would  naturally 
replace  the  scythe.  Chemically  considered,  the  process  of  bush- 
mowing  would  have  a  certain  merit,  if  labor  were  cheap  enough  to 
permit  of  the  buBhes  being  mown  or  lopped  when  young,  and  saved, 
to  be  used  as  sheep  fodder  in  winter,  or  for  making  manure.  As 
now  conducted,  the  process  ia  wasteful,  and  not  particularly  effective. 
Hardwood  bushes  are  seldom  killed  by  such  burning,  while  it  often 
happens  that  a  good  deal  of  the  grass  around  them  is  killed.  In- 
deed, the  bushes  would  probably  suffer  more  than  they  do  now,  if 
the  cuttings  were  immediately  raked  away,  so  that  cattle  could  come 
at  the  stumps  and  gnaw  off  the  young  sprouts  at  the  first  moment 
of  their  appearance.  The  true  way  of  killing  such  sprouts  is  to 
overstock  the  pasture  with  sheep,  so  that  every  green  thing  within 
the  enclosure  shall  be  eaten  off  close,  and  this  method  is  in  fact  em- 
ployed not  infrequently  in  New  England,  as  will  be  explained 
directly. 

In  case  there  are  but  few  hushes  in  a  pasture,  farmers  often  pull 
them  up  by  the  roots  by  means  of  a  hook  worked  with  a  yoke  of 
oxen,  or  two  men  work  together,  one  to  band  down  the  bush,  while 
the  other  cuts  off  its  roots  with  a  stub  hoe.  They  then  drag  a 
harrow  over  the  torn  places,  and  scatter  white-dover  seed,  or  the 
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sve«pings  of  their  bams.  White  clover  ia  specially  e 
tbia  purpose,  both  because  it  doea  well  in  pastures  and  is  liked  by 
all  kinds  of  cattle,  aud  because  a  single  plant  will  spread  over  a 
lai^  sur&cB,  to  the  exclusion  of  weeds  and  spindling  grasses.  Be- 
cause of  this  spreading  habit  of  growth,  only  a  very  small  quantity 
of  the  white-clover  seed  is  needed  for  an  acre  of  land.  Soma  farmera 
sow  a  little  rye  with  the  grass  aaed  on  the  spots  to  be  renovated, 
and  let  the  cattle  feed  upon  it  from  the  first  moment  of  its  appear- 
ance. When  continually  headed  in  by  the  biting  of  aniniHls,  rye 
will  continue  to  throw  out  leaves  for  a  long  while. 

Rib-Plo»gking  for  renovating  Pasture*. 

Attention  baa  already  been  called  in  Volume  I.  to  the  possibility 
of  applying  the  old  English  method  of  rib-ploughing  for  the  im- 
provement of  pastures  which  have  run  out  In  ribbin^r,  the  plough 
simply  turns  over  a  thin  slice  of  sod,  and  consequently  requires  no 
great  expenditure  of  labor.  Not  every  sod  need  be  turned,  but  only 
every  other  sod  in  such  manner  that  the  turned  sod  shall  fall  &ce  to 
face  upon  grass  which  has  not  been  disturbed.  Grass  seeds,  clover 
seeds,  and  rye  might  be  sown  immediately  upon  the  ribe  or  ridgee, 
leaving  the  snr&ce  of  the  Geld  uneven.  By  proceeding  in  this  way 
upon  sandy  pastures  and  those  free  from  stumps  and  stones,  it 
would  be  possible  to  destroy  the  old  grasses  and  weeds,  especially 
white-top,  and  to  take  a  new  sbtrt,  at  the  least  possible  cost  of 
labor. 

Some  farmera  have  found  an  advantage  in  top^resstog  their  pss- 
tuios  with  plaster  of  Paris,  and  in  legions  where  plaster  is  an  effect- 
ive manure  this  method  is  undoubtedly  a  good  one.  Others  find 
their  advantage  ia  top-dreseing  with  wood  ashes,  or  with  leached 
ashes.  Others  top-dress  with  composts  of  one  kind  or  another,  es- 
pecially the  bare  spots,  or  thoee  where  the  grass  is  poor ;  tbeu  they 
harrow  and  scatter  gran  seed,  which  they  brush  in  or  roll  in  when 
practicable.  Sometimes  they  do  not  even  barrow  the  land,  for  fear 
of  injuring  the  grasses  that  an  already  there,  but  simply  spread  the 
manure  thinly,  and  then  scatter  the  seed  upon  it  and  the  toi^ 
Shtep  for  renovating  Pattaret. 

All  these  devices  are  good,  but  perhaps  the  best  general  method 
of  all  is  to  overstock  the  pasture  with  sheep,  as  was  said,  no  matter 
whether  the  land  has  run  out  or  run  wild.  One  plan  is  to  have  a 
movable  fence,  so  that  small  portions  of  the  land  can  bo  partitioned 
ofT,  and  to  keep  the  sheep  upon  theee  plots  until  they  have  eaten 
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ap  everything,  after  which  the  land  b  harrowed,  if  possible,  and 
euwn  with  grass  seed  or  with  clover.  Another  plan  is  to  keep  nther 
more  sheep  in  a  pasture  than  it  can  carry,  during  several  years.  In 
either  event  the  sheep  must  receive  a  sufficient  supply  of  some  con- 
ceutrated  food,  such  as  oil-cake  or  grain,  to  make  up  the  deficiency 
of  the  pasture,  and  to  keep  them  in  proper  condition.  The  rich  food 
has  the  merit  meanwhile  that  it  manuree  the  land. 

Much  good  may  be  done  to  many  pastures  by  ebeep,  even  when 
there  ia  no  intention  of  employing  an  excess  of  them,  since  they  are 
fond  of  many  plants  that  neat  cattle  do  not  care  tor,  and  indeed  eat 
with  avidity  and  impunity  many  weeds  which  cattle  dislike  and 
avoid,  notably  buttercups,  cowslips,  aud  white-weed.  A  very  few 
sheep,  kept  in  a  pasture  that  is  iairly  well  stocked  with  cows,  will 
do  much  towards  keeping  down  plants  whose  presence  is  undesiia- 
hle.  The  sheep  prune  the  pasture,  as  it  were,  and  clear  it  up. 
But  it  is  not  well  to  have  too  many  sheep  graze  together  with  cattle, 
since,  from  feeding  so  mnoh  closer  than  the  cattle,  they  are  able  to 
pick  out  the  finest  of  the  young  grasses  and  clovers,  aud  so  consums 
the  very  best  part  of  the  food.  Instead  of  a  few  sheep  kept  con- 
stantly, a  flock  of  sheep  may  once  in  a  while  ba  turned  into  pas- 
tures that  have  been  eaten  close  by  neat  cattle.  Or,  instead  of 
that,  the  pasturing  of  cows  may  be  made  to  alternate  year  by  year, 
or  two  yeara  by  two  years,  with  the  pasturing  of  sheep ;  the  sheep 
not  to  he  in  excess  in  these  cases,  but  to  be  supported  entirely 
by  the  pasture  grass.  The  idea  here  is,  simply,  that  the  sheep  will 
check  much  vegetation  that  cows  do  not  like,  and  will  meanwhile 
fertilize  the  soil  hy  their  droppings,  which,  unlike  those  of  honied 
cattle,  are  evenly  distributed. 

There  are  cases  on  record  where  fields  that  were  full  of  white- 
waad  or  buttercups  have  have  been  completely  cleared  hy  pasturing 
the  fields  with  sheep,  not  iu  excess,  for  a  couple  of  yeara,  fifom  early 
spring  to  the  last  of  June.  Under  this  treatment  few  if  any  of  the 
weeds  ever  came  to  flower,  and  they  could  not  withstand  two  years 
of  such  close  feeding.  So  too,  with  lag-weed  and  the  annual  grasses 
that  flower  in  late  summer ;  sheep  will  eat  them  readily  when  not 
yet  ripe,  and  thus  prevent  them  from  flourishing  and  going  to 
seed. 

It  might  often  he  good  policy  for  the  fanner  to  keep  a  few  sheep 
merely  as  instruments  for  the  clearing  of  pastures  in  this  way,  and 
for  consuming  weeds  collected  from  gardens  and  tilled  fields.     The 
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idea  would  be  to  let  the  nbeep  feed  in  the  pasturaa  ia  alternation 
with  the  cows.  Much  good  fodder  miglit  be  utilized  by  meaus  of 
them,  and  a  vast  number  of  weeds  and  of  seeds  of  weeda  be  de- 
stroyed. Sheep  are  specially  well  adapted  fur  pasturing  orchards. 
They  manure  the  land  evenly,  and  hy  eating  windfall  fruit  they 
destroy  the  grubs  which  have  caused  the  fruit  to  drop.  If  left  no- 
luolested,  these  gmbs  would  bury  themselves  in  the  ground  and 
change  to  moths,  in  due  season,  for  stinging  the  &uit  of  the  next  year. 
If  the  land  beneath  mature  apple  trees,  for  example,  were  laid  down 
to  orchard  gnus  and  stacked  with  sheep,  the  trees  would  probably 
bear  much  more  and  better  tmit  than  can  be  got  from  them  by  the 
usual  naethod  of  treatment.  If  occasional  tilh^  should  be  deemed 
ueceseary,  it  might  be  had  by  tearing  the  sod  with  a  scarifier,  or  by 
passii^  beneath  it  some  kind  of  a  shallow  subsoil  plough. 

Instead  of  clianging  from  one  kind  of  cattle  to  another  from  year 
to  year,  it  might  possibly  be  well  in  some  cases,  where  the  land  is 
strong  and  smooth,  to  mow  the  pasture  once  in  a  term  of  yeare,  as 
if  it  were  a  hay-field,  in  the  case  of  a  favorable  season.  Aud  this 
in  spite  of  the  risk,  illustrated  by  Darwin,  that  the  growing  crop 
might  smother  some  good  grasses  that  thrive  in  cropped  pastures. 
Mowing  in  this  way  might  perhaps  tend  to  favor  the  growth  of 
grasses  that  seed  veiy  early  and  very  late,  and  perhaps  check  those 
that  ripen  at  the  time  of  mowing.  Many  weeds  peculiar  to  pastures 
would  be  checked  by  the  mowing,  while  others  peculiar  to  mowing- 
fields  would  start  up,  and  would  be  eaten  down  in  the  autumn,  or 
after  the  hay  harvest,  when  the  cattle  were  returned  to  the  field. 
One  advantage  incidental  to  the  mowing  would  be  the  opportunity 
to  view  the  glasses  in  the  field,  and  to  note  what  kinds  were 
predominant. 

U»e  of  "  FoUowert"  in  Pattitret. 

In  many  places  it  is  the  custom  to  change  the  animals  from  one 
pasture  to  another,  in  such  wise  that  there  shall  always  be  one  field 
in  good  case  for  the  milch  cowa  or  fatting  cattle.  After  these  mora 
important  animals  have  eaten  the  gross  tolerably  cloee,  they  are 
changed  to  a  field  that  has  been  at  rest,  and  young  cattle  are  turned 
into  the  field  which  the  cows  have  left,  and  finally  sheep  may  suc- 
ceed the  young  cattle. 

This  idea  of  "  followeta  "  in  pastures  is  an  old  idee,  and  it  is  an 
excellent  one.  In  many  districts  in  England  it  is  customary  to  buy 
lean  Scotch  cattle  in  autumn  to  clear  up  the  pastures  at  the  time 
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vhen  tha  heavier  cattle  are  turned  into  the  afterm&th  of  the  mov- 
ing fields.  A  somewhat  eimiUr  practice  prevails  in  Eastern  Masao- 
chnsetts,  in  years  Then  the  aummer  has  been  moiat  enongh  to  keep 
np  a  good  snppl;  of  grass.  Store  cattle  are  brought  in  September 
and  turned  into  the  pastures  and  stubble  and  mowing  fields,  where 
they  not  only  put  mach  good  grass  to  profit,  and  vast  numbers  of 
weeds  also,  but,  after  the  frosty  nights  have  come,  they  consume 
great  quantities  of  grass  that  had  previously  been  unpalatable  to 
stock. 

Whenever  there  are  not  enough  animals  kept  in  a  pasture  to  eat 
off  the  herbage  close,  msnj  tufts  of  grass  will  grow  rank  and  tall, 
especially  where  dung  or  urine  has  fallen,  and  much  grass  may 
even  go  to  seed.  All  such  tall  grass  is  avoided  by  cattle  until  the 
advent  of  frosty  nights.  But  after  it  has  been  touched  by  frost,  the 
rank  grass  is  sweetened,  as  the  saying  is,  and  then  animala  will  eat 
it  readily.  Tha  practicee  above  mentioned  depend  not  only  on  the 
immediate  economy  of  putting  all  available  herbage  to  use,  but  in 
part  doubtless  upon  an  old  belief  of  English  graiiera,  that  it  is  good 
for  a  pasture  to  be  eaten  ofT  veiy  close  not  infrequently,  and  partic- 
ularly in  early  summer.  There  is  little  reason  to  doubt  the  cor- 
rectness of  this  view,  since  the  close  feeding  would  tend  to  the 
production  of  a  fine,  close,  even  turf,  soch  as  all  experience  teaches 
is  excellent  for  cattle,  while  it  would  prevent  any  tufts  of  grass 
from  growing  up  tall  and  becoming  unpalatable.  Nevertheless,  the 
pastnre  must  not  be  overstocked  nor  grazed  too  closely,  particularly 
sot  for  any  long  period.  Leaves  enough  most  be  allowed  to  grow 
to  feed  the  roots. 

The  changes  brought  about  in  natural  grass-landa  by  the  tread- 
ing, graang,  and  manuring  of  cattle,  whenever  such  lands  are  firet 
devoted  to  pasturage,  has  often  been  noticed  in  this  countty.  Mi. 
Darwin  has  spoken  of  the  matter  in  the  fallowing  terms.  In  cross- 
ing the  pampas  towards  Buenos  Ayrea  he  was  much  struck  with  the 
marked  change  in  the  aspect  of  the  country  after  passing  the  river 
Salado.  From  a  coarse  herbage  on  one  side  of  the  river,  the  travel- 
lers came  to  a  carpet  of  fine  green  verdure  on  the  other.  Darwin  was 
•t  first  diqKised  to  attribate  these  appearances  to  some  changes  in  the 
nature  of  the  soil,  but  the  inhabitants  assm^d  him  that  the  chang« 
was  wholly  due  to  the  manuring  and  glazing  of  cattle.  He  noticed 
the  same  appeaiancea  in  other  localitiea,  and  remarks  that  exactly 
the  same  fact  has  been  obaarred  in  the  prairies  of  North  America, 
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where  coarse  graw  between  Sve  and  six  feet  high,  when  grazed  by 
cattle,  chauges  into  common  pasture  laud. 

The  matter  is  maDifeatly  dosely  related  to  the  "bringing  in"  of 
one  or  another  kind  of  grass  by  means  of  special  fertilisers ;  toongfa 
in  that  case  it  might  be  said  that  &voring  influences  promote  the 
overpowering  growth  of  certain  species,  while  in  the  case  of  gtazing 
cattle  the  grass  is  subjected  to  such  molestations  and  long  suffaiing  as 
work  to  exclude  man;  of  the  less  robust  Tarieties. 

A  few  horses  or  colts  kept  in  pasture  together  with  oi  after  cattle, 
would  do  good  in  the  same  sense  that  sheep  do  good  b;  eating  va- 
rious kinds  of  plants  which  homed  cattle  pass  bj.  Herds  of  horses 
are  inferior  to  flocks  of  sheep,  in  that  the  horse  does  not  feed  evenly 
or  &irly  as  the  term  is.  But  a  few  horses  ruDuing  in  a  la^  cattle 
pasture  will  keep  down  the  rank  growtli  of  grass  where  the  manure 
of  the  cattle  has  been  dropped,  and  they  will  graee  too  where  cattle 
have  trampled  the  grass.  In  general,  it  may  he  said  that  any  pas- 
ture which  is  mode  to  carry  a  mixed  stock  of  cattle,  sheep,  and 
horses  will  be  more  evenly  grazed  than  if  only  one  kind  of  animal 
has  been  kept  in  it. 

As  has  been  said  already,  some  part  of  the  popular  objection  to 
horsee  in  pastures  is  clearly  a  tradition  fi»m  the  times  when  horeea 
were  used  for  carting  goods  in  England.  They  were  pastured  by 
night,  and  kept  at  work  on  the  roads  by  day,  where  most  of  theu 
dnng  was  dropped.  Hence  they  took  more  matter  from  the  fields 
thsn  they  returned  to  them,  and  tended  to  esbanst  the  fields. 

So  far  as  the  chemistry  of  the  subject  is  concerned,  there  can  be 
no  doubt  that  pasturage  can  be  mora  thoroughly  utilised,  and  the 
fields  kept  in  better  condition,  by  a  mixture  of  several  kinds  of 
KTiimaU  than  by  any  one  single  kind ;  for  not  only  will  the  diflerent 
species  of  anirruUs  eat  different  kinds  of  grasses  and  weeds,  and  eat 
any  one  kind  at  difi'Qient  stages  of  its  development,  but  there  is 
furthermore  the  very  important  consideiation,  that,  while  each  spe- 
cies of  animal  dislikes  to  feed  near  its  own  dung,  it  has  few  if  any 
scruples  abont  feeding  near  the  dung  of  the  other  animals.  When 
we  consider  how  much  excellent  grass  in  every  pasture  devoted 
solely  to  neat  stock  is  thrown  out  of  the  account,  in  so  fiir  as  snch 
stock  is  concerned,  by  the  droppings  of  the  animals,  the  importanoa 
of  addii^  sheep  or  colta  enough  to  subsist  upon  this  spoiled  grass  is 
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Mixed  Sloci  apt  to  injure  one  another. 

There  would  be  no  queation  whateoever  as  to  tbe  aapeiior  economy 
of  mixed  etock  in  pastures,  if  it  were  possible  to  make  sure  that  the 
auimals  would  not  injure  or  annoy  one  another,  and  that  the  drop- 
pings of  one  kind  would  not  be  detrimental  to  the  health  of  the 
rest.  Sheep  and  young  cattle,  but  not  calves,  are  said  to  do  well 
together,  but  neither  cattle  nor  horses  do  well  with  sheep  as  a  rule. 
One  or  two  cosset  eheep  that  have  been  reared  among  oowa  will 
prosper  among  them.  But  flocks  of  sheep  and  heids  of  cattle  rep- 
resent different  interests.  A  few  cattle  that  have  been  reared 
among  sheep,  and  always  kept  with  them,  are  said  to  be  a  valuable 
means  of  protecting  sheep  from  doge.  The  cattle  attack  the  d<^ 
and  drive  them  from  the  field.  A  cosset  goat  would  probably 
do  this  work  still  better.  Horses  and  cowa  are  apt  to  annoy  each 
other,  and  seriously  to  injure  one  another  for  tbat  matt«r,  when 
kept  in  the  same  pasture;  especially  when  there  is  but  one  animal 
of  one  kind  againet  eeveial  individuals  of  the  other  kind. 

Since  bo  mach  has  been  learned  of  late  years  about  the  genesis  of 
the  internal  parasites  of  animals,  how  many  of  them  lurk  in  one 
animal  before  they  come  to  another,  and  how  they  pass  through 
various  stages  and  transformations,  each  of  which  may  occur  in  a 
different  kind  of  animal,  it  behooves  the  farmer  to  take  care  how  he 
mixes  different  kinds  of  stock  in  the  pasture,  lest  he  promote  the 
growth  of  these  paratutes,  and  their  transfer  from  one  animal  to 
another.  Cases  are  on  record,  for  example,  of  calves  having  been 
made  sick,  some  of  them  unto  death,  by  parasites  derived  from  the 
dung  of  hogs  with  which  the  calves  were  pastured. 

Bough  and  ready  methods  of  irrigation,  and  of  drainage  also,  such 
as  dead  furrows,  and  even  land  beds,  may  often  be  applied  with 
advant^^  to  pasture  land.  It  is  impossible  that  there  should  be  a 
good  growth  of  nutritious  glasses  where  stagnant  water  rests  in  or 
upon  the  aoil 

Dittribuiion  of  the  Manure  in  Pattvre*. 

With  r^;ard  to  the  droppings  of  neat  cattle,  that  is  to  say,  the 
dried  clota  of  dung,  it  is  a  question  how  much,  if  anything,  can  be 
done  with  economy  in  this  country  towards  scattering  them  upon  the 
surface  of  the  land.  The  urine  of  cattle  at  pasture  is  well  disposed 
ol  It  sinks  at  once  into  the  earth,  and  is  probably  distributed 
there  as  well  as  it  possibly  could  be.  But  with  the  dung  of  large 
cattle  it  is  a  very  difEbient  matter.     When  le]%  as  dropped,  some 
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plants  are  killed  bj  it  altogether,  irhile  the  ai^jacent  grass  shoota 
up  rank  and  coarse,  and  is  notorionely  unpalatable  to  cattle,  uuloea 
it  be  mown  and  wilted,  or  unless  it  has  been  touched  hj  frost. 

If  the  dung  could  only  be  spread  or  scattered,  no  giasa  would 
be  killed,  and  none  would  be  made  unduly  lank,  while  the  gen- 
eisl  fertility  of  the  field  would  be  increased.  The  question  to  be 
solved  is,  simply.  Will  spreading  the  dung  pay  1  Probably  it  would 
pay  in  some  exceptioual  cases ;  but  piobably  it  would  not  pay  at 
all  as  the  general  rule.  The  English,  for  their  park  pastures  and 
for  lawns  that  are  pastured,  have  what  they  call  a  chain-harrow, 
which  goes  over  the  surface  of  the  ground  lightly,  scattering  all 
clots  of  dung,  all  mole-hills  and  ant-hills,  and  raking  up  moss,  and 
airing  the  sod  generally  without  tearing  it.  It  may  be  worked  with 
a  single  horse,  and  is  an  inexpensive  and  efficient  iusttument  that 
greatly  commends  itself,  excepting  a  certain  liability  to  kink,  though 
it  is  probably  too  much  of  a  refinement  to  be  in  place  upon  cheap 
land.  Perhaps  a  well  worn  Thomas  smooth  ing-harrow  might  sarre 
fairly  well  ss  a  substitute  for  the  chain-harrow. 

It  is  a  curious  reflection,  that,  while  in  Europe  the  formers  argue 
that  pasture  land  that  is  kept  stocked  with  cattle  rather  tends  to  im- 
prove than  to  lUQ  out,  farmers  in  New  England  regard  the  pasturing 
of  stock  as  an  exhaustive  process.  It  has  been  said  ^ain  and  agaiu 
at  meetings  of  our  agricultural  societies,  that  the  pastures  have  de- 
teriorated because  we  have  been  taking  away  from  them  continually 
without  putting  anything  back.  This  statement  is  clearly  wrung, 
because  too  general  and  too  emphatic.  What  has  been  taken  away 
from  the  pastures  is,  in  most  cases,  almost  as  nothing  in  comparison 
with  what  has  been  put  bock  again  in  the  dung  and  urine  of  the 
animals.  Some  nitrogen  has  been  removed,  of  course,  in  the  form 
of  wool,  and  milk,  and  flesh ;  and  email  amounts  of  ash  ingredients 
also,  in  the  wool  of  sheep,  the  milk  of  cows,  and  the  bone  and  flesh 
of  growing  animals;  but  all  these  ash  ingredients  could  assuredly 
have  been  made  good  by  the  yearly  disint^;ration  of  the  stones  and 
gravel  in  the  pasture  earth.  In  some  cases,  it  is  tme,  the  souree  of 
waste  has  been  more  serious,  as  when  the  pastured  cattle  are  driven 
home  at  night  and  kept  up  in  the  bam  or  yard  until  morning;  in 
which  event  the  pasture  is  neceasaiity  deprived  of  what  dung  has 
been  dropped  by  the  animals  during  their  absence  from  it. 

But  it  is  not  such  pastures  as  these  alona  that  are  seen  specially 
to  &i],  any  mora  than  those  in  which  the  cattle  are  left  undisturbed 


jbvGooglc 


MANUnE  IN  PASTURES.  493 

night  and  day  through  the  Bommer ;  and  the  caases  of  the  dcteiio- 
ration  must  be  explained  in  some  other  way  than  by  the  theory  of 
chemical  ezhaustiou.  Indeed,  it  is  evident  enough  that  the  coming 
in  of  bushes  and  of  bad  grasses  is  a  more  serious  difficulty  in  most 
oases  than  the  lack  of  plant-food;  and  it  is  evident,  also,  that 
droughts  ore  vety  hurtful,  because  the  good  graseea  suffer  more 
during  dry  weather  than  the  bad.  It  ia  certain  that,  if  a  proper 
supply  of  moistnie  could  be  insured  throughout  the  growing  season, 
it  would  be  easy  to  bring  in  good  grasses  and  to  maintain  them. 

It  is  a  tenet  of  European  husbandry,  that,  on  breaking  up  land 
which  has  long  been  in  pasture,  there  will  be  no  need  of  manuring 
for  the  firet  set  of  crops  that  are  to  be  tekenj  and  a  somewhat  sim- 
ilar idea  prevails  in  14'ew  England,  in  spite  of  all  the  talk  which  is 
uttered  concerning  the  exhaustion  of  the  postures.  It  is  a  common 
practice  abroad  to  lime  such  land  on  ploughing  it,  and  the  practice 
might  sometimes  be  copied  here  with  advantage. 

Some  part  of  the  deterioration  of  American  pastnrea  may  be  due 
to  the  improper  distribution  of  the  dung  and  urine  which  aie 
dropped  upon  such  great  wastes  of  land.  It  may  be  well  some- 
times, on  this  account,  to  fence  off  a  &Torit»  standing-place  on 
purpose  to  exclude  the  cattle  &om  it  Conversely,  it  may  be  prac- 
ticable to  induce  the  animals  to  loiter  on  a  patch  of  inferior  land, 
by  keeping  a  salt-boz  there,  or  by  feeding  out  a  little  meal  there 
daily.  In  the  same  sense,  it  may  often  be  best  to  have  shade 
trees  stand  on  the  poorer  ports  of  a  pasture,  rather  than  upon  the 
richer  land ;  though  it  should  be  said  there  are  some  &rmere  who 
maintain  that  shade  trees  should  be  excluded  from  pastures  alto- 
gether, because  animals  are  apt  to  fall  into  the  habit  of  spending 
much  time  in  lying  or  loitering  beneath  them  instead  of  attending 
constantly  to  their  proper  business  of  eating  grass. 

In  cases  where  water  has  to  be  brought  to  pastures  in  aqueducts, 
it  will  often  be  practicable  to  place  the  troughs  on  some  knoll  of 
poor  thirsty  soil,  where  both  the  drippings  from  the  troughs  and 
the  droppings  of  the  animals  would  do  good  service.  Yet  again,  the 
grass  that  grows  rank  and  tall  in  the  spring  on  spots  which  are 
much  resorted  to  by  cattle,  and  which  is  in  consequence  i^ected 
by  them,  may  somstimes  be  mown  with  advantage  in  June,  and 
made  into  hay.  By  so  doing,  a  quantity  of  useful  winter  forage 
is  gained,  while  the  new  growth  of  grass  will  commonly  be  freely 
eaten  by  the  animals,  and  the  place  will  continue  to  afibid  them 
good  pasturage  thenceforiih. 
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Padurti  injured  bff  Iiueett. 

A  mach  more  important  matter  thAa  the  scattering  of  the  mattora 
is  the  deetniction  of  Insects  in  pasture  l&nds.  It  often  happens 
that  gnssboppere  and  crickets  abound  in  dry  pastarea,  and  deetruy 
au  amonnt  of  herbage  of  which  few  people  have  any  just  concep- 
tion. By  chance  one  day,'aa  I  sat  reading  at  a  dosed  window,  I 
bad  an  opportuuity  to  see  a  grasshopper  of  moderate  bieb  attack  a 
lilac  leaf  upon  a  bush  outside  the  house.  The  leaf  was  fully  grown, 
and  there  was  no  evidence  either  that  the  insect  was  specially  hungry 
or  in  baste,  yet  he  disposed  of  the  entire  leaf  in  an  incredibly  short 
B2Ktce  of  time.  Several  mechanical  devices  of  apparent  merit,  to 
be  worked  by  horse  power,  have  been  invented  of  late  years  for 
sweeping  up  grasshoppers  by  the  bushel  from  mowiog  fields  and 
pastures.  Some  of  tliem  were  described  in  the  United  States  Agri- 
cultural Report  for  1883. 

Guinea  heus,  and  turkeys  also,  are  effective  agents,  and  may  be 
applied  methodically  for  abating  these  pests.  At  the  Paris  Exposi- 
tiou  of  18G7  there  was  exhibited  a  simple  contrivance  for  applying 
the  turkey  cure,  A  high  rectangular  framework,  set  upon  wagon 
wheels,  and  covered  with  white  cotton  cloth  constituted  the  house 
and  home  of  the  birds.  Perhaps  an  ordinary  hay  rigging  covered 
with  hay  caps,  would  answer  a  similar  purpose.  The  idea  was,  that 
a  flock  of  turkeys  should  be  kept  in  this  movable  pen.  That  it 
should  be  their  home  and  loosting-place  always.  After  they  had 
become  wonted  to  this  "house"  they  could  be  transported  in  it,  or 
driven  before  it  to  any  field  specially  beeet  with  grasshoppera,  and 
left  there  until  the  field  was  cleared.  The  white,  tent-like  stracture 
was  visible  to  the  birds  fVom  afar,  and  they  were  accustomed  to  rally 
U[)Ou  it,  no  matter  in  what  field  it  might  be  placed.  Pea-hens  ate 
equally  efficient  with  turkeys,  or  even  more  eo,  but  ordinary  hens 
are  less  serviceable,  because  less  enterprising  and  less  fond  of  roam- 
ing in  strange  places. 

Katutally  enough,  the  foregoing  remarks  do  not  apply  to  cases 
where  flights  of  grasshoppers  or  locusts  bring  enormous  numbers  of 
these  insects  to  the  fields.  Indeed,  it  has  been  said  of  such  condi- 
tions in  California,  that  turkeys  are  apt  to  die  after  they  have  eaten 
to  excess  of  grasshoppeis, —perhaps  because  of  irritations  or  stop- 
ples caused  by  the  rough  and  indigestible  ieg^  and  wing-caaes  of 
the  insects. 

Another  insect  that  doei  much  harm  to  lawns  aud  to  old  dry 
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mowing-fields  b  the  white  grub  of  the  June  beetle,  vhich,  wliile 
iu  the  maggot  state,  lives  nnderground  for  three  yeare,  and  subsiata 
upon  the  roots  of  greases  and  other  pkuts.  The  piesence  of  this 
peat  ia  indicated  not  only  by  the  manifest  sufferings  of  the  grafia 
plants,  but  often  by  little  pita  upon  the  land  which  aie  dug  by 
skunks  that  feed  upon  the  grub. 

It  might,  perhaps,  sometimes  be  possible  and  advantageoua  to 
destroy  the  grab  by  applying  some  soluble  conosive  fertilizer  — 
such,  for  example,  as  a  high  grade  superphosphate,  or  the  acid  sul- 
phate of  potash— to  those  patches  upon  the  field  which  are  kuown 
to  be  beset  with  the  grubs.  Possibly  the  grub  m^ht  be  smothered 
or  drawn  out  from  the  land  by  some  system  of  mulching  the  bad 
spots  heavily,  as  with  tan  bark  or  compost.  In  any  event,  the 
treated  patches  would  have  to  be  reseeded  after  the  deatraction  of 
the  grub. 

One  important  means  of  caring  for  pastures  ia  the  just  apportion- 
ment of  cattle  to  the  area  of  the  field,  or  rather  to  the  amount  of 
grasa.  Except  in  the  case  of  reclaiming  a  pasture  which  has  run 
wild,  or  the  occasional  clearing  up  of  a  pastare,  as  has  been  said, 
care  should  be  taken  not  to  overstock  the  land  to  any  such  exteut 
that  the  good  grass  will  be  gnawed  down  to  the  very  roots,  or  the 
roots  torn  up.  On  the  other  hand,  there  should  not  be  too  few 
cattle,  since  they  would  feed  only  upon  special  patches,  and  leave 
the  remainder  of  the  field  to  run  up  to  bushes,  weeds,  or  bad 
grasses.  On  really  good  postures  an  acre  of  land  will  support  a 
cow;  but  in  many  places  iu  New  England  six  acres  will  hardly 
suffice,  while  on  soma  of  the  arid  pasture  lands  at  the  West  fifteen 
to  twenty  acres  are  allowed  for  each  animal. 
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i.3»2,t«3i  changes  readilv  to  mtrale.', 
i.  30I>-308,  331:  from  coke  fumaoea,  ii 


.  3S1; 


h  liie  first  flfih  of  « 
ii.  te;  in  living  pLsnIs,  i.  331;  made 
from  urine,  il.  8S,  ST;  of  manure  heaps, 
i.  SSS;  might  be  mads  fiom  leather,  ni- 
trates, etc.,  i.  3fiT ;  pounds  of,  needed  to 
malce  a  bushel  of  wheat,  i.  SO.  371 ;  a 
product  of  oxidMion,  i.  413,  of  putn- 
faction,  I.  !B3,  3TS,  3TG,  404;  in  the 
sail,  i.  asi,  40A;  sources  of  waste  of,  i. 
396 

Ammoniscal  liquor,  i.  338. 

Ammonium  compounds,  i.  SSO;  romjwrsd 
with  nilrales.  i.  391,  S2S;  indirect  ao- 
tion  of,  i.  343. 

Animal  refnit,  i.  331. 


Apatite,  i.  369. 

ArtiAcial  Fertiliierf,  as  additions  to  dnng, 
ii,  340;  few  diffuse  readilj,ii.  09;  hovr 
to  bny  tbem,  i.  !T4;  how  to  use  them, 

ii.  OS;  may  he  mixed  at  the  farai,  i. 
348;  mixtures  oT,  ii.  100;  niodes  of  ap- 
-'       -  '--  49,46. 

117;  of  irrtain 

Du-seed  bulls,  il. 


pivinjt,  II.  M,  M. 

Ashes,  of  brick-kilns,  i 
".  184:  of  o 


118;  of 'lim^ilns,  ii 
ut  Wood  ashes. 

Ash  ingredients  of  plants,  i.  3 ;  arcidenlal, 
ii.  SfT;  of  certain  crops,  il.  184;  not  a 
complete  mannn,  i.  139,  343,  406,  il. 
918;  ewiential,  ii.  3T8;  functions  it.  ii. 
Sei.  SEE ;  most  abundant  in  leaves  and 
twigs,  ii.  113,  357;  rary  greativ  in 
amou]t^  ii.  S57;  where  stored,  ii.  357. 

Aspsragin,  i.  357,  ii.  381. 

Asparsgus  beds  can  bear  salt,  I.  191,  IL 
iei;  endurance  of,  ii.  187. 

Aspect  of  flelds,  i.  38. 

Attrition  bv  wind  and  water,  1, 181. 

Avenin,  ii.  408. 


Barilu,  il.  16, 110. 

Bariey,  ii.  870;  avarags  yield  of,  il.  887; 
composition  of  the  plant  at  dittsrsnt 
periods,  ii.  SSS;  is  a  deiicale  crop,  il. 
873;  Hellriegel's  experiments  on,  ii. 
877:  I* wes  and  Gilbert's  eiperimen Is, 
ii.  ltT8:  malting  of,  ii.  STS;  manuring 
of,ii.  379;  maximum  yield  of,  ii.S87; 

talion  of  its  grain  to  the  straw,  I i  39V; 
for  soiling,  II.  377;  lemprratnre  best 
for  growing,  il.  374;  when  to  harvest, 
ii.  37n;  whv  nied  for  beer,  ii.  373. 

Barnyard  grass,  il.  471. 


Beets,  are  mora  nutritions  when  smalt 
than  when  large,  ii.  369;  prefer  ni- 
trates, i.  339,  but  pro6t  from  ammonia 
also,   i.   84(1;    removs  moch    nitrogen 
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Bicarbonale  of  lime  is  alkiiline,  ii.  IT; 

Hocculalo  mud  uul  cUv,  ii.  151,  166. 
Biptioaphito  nf  lime,  i.  37a. 
BlFediiigaf  pUntn,  i.  IS. 
Bluud,  i.  383;  and  lime,  i.  385. 
ItoK*.  gnvellinK  "f,  L  ITO. 
Borw-aBh,  L  SIT. 
Buiie-black,   i.  1^;    its  rampoeition,  i. 

23i;-  tar    nuking    guperpliugpiiue,    L 

3W,  251. 
Bon*-«nh,  i.  BIT. 
Bune-mcal,  t.  318 :  componjtian  of,  i.  S3« ; 

"Rni(ed,"  i,  m;  fcndes  of.  i.  essl 
nw  and  aleamed.  i.  323:  •olubility  of, 
i.  Si8.  3aVi  varietiM  ol,  i.  230. 

Bonet,  i.  317;  acrion  of  acids  on,  i.  3IT, 
236,  2311,  of  pntuli,  L  3fi3,  of  tiuie,  L 
25T ;  modtc  of  decompoaing,  i.  £51. 

BolileKnH,  ii,  (71- 

BulUini  ImidK,  rlieir  fertility,  ii.  309. 

Bottom  water,  I.  48. 

Bran,  i.  W3. 

Brown  crape,  ii,  330,  338. 

Brown  hav,  Ii.  «T. 

Bniati-burniug,  ii.  348. 

Buckwheat,  as  gtean  maaart,  1.  439, 437; 
prefen  nitrate  nitrogen,  i.  333;  aa  a 
Blubble  crop,  ii.  304. 

BiilTiilo,  as  a  farm  animal,  ii.  BIS. 

Biillw  (Crowii  in  aatid  and  water,  I.  3. 

Itiiruiiit;  oil  of  Krass,  ii,  436. 

Butyric  fermeulatiou,  i.  513. 

CAi.cjtRDiTB  undu  ami  ahcllii,  IL  156. 

Calvareuus  Hiil*.  i.  126,  ii.  154. 

Capillariiy  iii  plants,  i.  II;  in  eoila,  i.T5. 

Carbon,  amount  carried  off  in  cmpe,  i.  I, 
ii.  31S:  coniei  tnim  the  air.  1.1,1)1,33. 

Carbonate  of  aniinoiiia,  L  346,  3M. 

Carbonate  of  lime,  ii.  158:  fur  compet- 
ing, ii.  16;  favora  nitriHFatiou.  I  3U1, 
Ii.  14T;  may  pivvent  puddling,  ii.  163; 
may  promote  decay,  ii.  18,  153:  u  ■ 
■CKiiUlur,  ii- 158:  Iti  traniportaliun  is 
KN-tlv,  it-  15T. 

Cartnnic  add,  i.  415;  in  the  air,  i.  18, 41B, 
ia  aiiflicient  for  vraps,  i.  416;  decnm- 
posilion  of,  by  l«ve»,  L  IB,  SE,  418; 
dlBHilvea  rocka,  i.  138;  an  exceas  ia 
hurtful,  i.  41B;  formed  by  ferment  ae- 
tlon,  i.  43Ti  given  off  bv  plenta  in  the 
dark,  i.  27,  Iv  ^H^t^  i.  il7;  in  ground 
■ir.  i.  434:  heip<  diiinteenition,  i-  435: 
aaa  manure,  I.  415;  mav  check  decar, 
1.  Gil;  modes  of  action  In  enils,  1.438) 
is  occluded  bv  iwilf,  i.  tit:  not  ab- 
aorbed  by  plant  roota,  1.480;  from  oxi- 
dation of  htimua,  1,  480;  iu  aolvent 
aclinn,  i.  432;  rametimea  absent  from 


__  _    _..r.l.  4S 

Carbonic-acid  wi 


food.  1.423;  decampo'itionnf.  bvio 
1.  423;  disiutegrviiun  bv,  i.  425,' 

Camallite,  ii- 1^- 

Camivoroua  plants,  i.  34,  36,  33T. 

Castor  pomacF,  i-  3BS. 

Catch  crops,  ii.  333. 

CalcJe  foods,  fertilizing  value  of,  i.  41 

Celtic  iand-beda,  i.  103-' 


power  of,  li.  !S:  purilicaliim  by,  ii.  3T. 
Cliemical  action,  in  suils,  i.  3(10. 
Cliloride  of  ammonium,  i.  348. 
Chlortda  of  sodium.     Set  Sodium  Chlo- 

Chluride*,  injure  tobacco,  ii.  128.  Com- 
part Muriates- 

Ciav,  binds  xands,  i.  464:  burning  of,  ii. 
3S2-3tU:  is  decompond  br  lime,  IL 
150;  la  bard  tc  till,  i.  156,  IGI;  bul.ls 
water,  i.  8tl ;  impmvad  by  lime,  Ii-  IK ; 
mav  clog  roots,  ii.  148 ;  preserve*  urine, 
i.368;  puddling  of,  i.  157,  bv  alkali^ 
ii.  llii  refraclorinessot.ii.  J41;  some- 
times coutaina  gold,  ii.  389:  ia  ub- 
friendlv  to  young  tree*,  il.  144, 148. 

Clearing  of  land  bv  fire,  "   "■" 


.    i.  346. 

n  growth,  ii.  SST; 

Biiu  uu  ruiBiion>,  u.  231. 

Clover,  course  of  growth  of,  ii.  360;  ii 
favored  by  potasBic  fertilizers,  ii.  106, 
113,  431,  notably  by  sea  manure,  i. 
443;  aa  green  manure,  i.  431,  ii.  312, 
236;  its  mfiuence  in  hay  Helds,  ii-  4M; 
its  introduction  into  ratitinns,  ii.  216; 
may  impmve  tilth,  ii.234i  in  pastumi, 
ii.486;  its  power  to  nae  sail  nitrogen, 
I.  ail;  prefers  nitrateit,  i.  2BS,  334; 
aa  a  preparatory  crop  for  wheal,  ii. 
SIB,  2S3,  230;  roota  of,  ii.  ITBi  sown 
on  maw,  ii.  41T ;  and  Umothy,  ii.  433, 
476. 

Clover  sickness,  Ii.  106. 

Coal,  inenneHS  of  the  nitragen  of,  i.  S4Kl 
producUon  oE  aoimonia  fron,  L  338, 

Coalaabea,  ii.  Ill,i40. 

Cocoanut  treea,  withataiid  aalt  wafer,  iL 

168. 
Color  of  soils,  L  41. 
-Common  fletds.  ii.  IBl. 
Composting,  ii.  1;  the  field  itself,  IL  13, 

41. 
Composts,  il-  1;  are  good  for  grass,  ii. 

429;  made  with  aikaliea,  ii.  II,   with 

dung,  flesh,  etc.,  Ii.  10;   in  Flepil-h 

mads  with  carbonate  of  lime,  ii.  16, 
with  lime,  ii.  429,  with  lime  aiid  salt. 
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ripeuiui;  ul 


ii     lb.   with   night-w>il,    ii.   39.   76; 

iiiMbwIs  uf  nuktiiK.  ii.  3,  i3-it6;  nt' 
pFal,  ii.  It);  photphalic,  it.  35;  of 
nfuM  mitcrials,  il.  30;  rtg^iied  u 
Mluraleil  eartliB,  ii.  34;  ' 
2^:  require  much  libui 

ii.  5,  7;  of  «t™w, 'ii.  10. 
Coolnw,  of  fore!<l9,  i.  149;  of  land  ttutded 

by  crupi,  ii.  SU6. 
Cci|>pcran,  added  lo  urine,  i.  318,  aad  to 

Dighl-HHl,  ii.  61. 
Coppice,  ii.  lUa. 
Cu|)m1i(e«,  i.  3a9. 
Cuni.     Stt  Uaiie. 

It  the  beat  food  for  pigi,  i. 


ise. 


Co'f; 
Cowm 


I  wed,  aahei  from,  ii.  116;  meal  or. 
i.  189, 19C;  coat  of  obtain- 


Creatiii,  i.  367. 

Cr<>pM,  amauiitn  ot  Mubble  left  br,  ii. 
2iu-2L2;  brLQff  up  food  from  *ubBoii,  ii- 
207;  c^totgrowinK.ii.8Ml;  ecuno.i.v 
of  growinKoiiiTDod  land,  ii.  8S4;  in<>de 
of  gr.i*Ib  of,  ij.  3*2;  need  to  be  fed 
wben  voung.  il.  368;  remove  much 
water  'from  land,  ii.  201:  ahulo  tbe 
surface  M>il,  ii.  101 ;  (onie  liindi  prefer 
new  land,  ii.  138 ;  when  to  barrnt,  ii. 
U4,Se»-3(«. 
•     Cruwdiug  of  plaoCa  ia  burtfol,  i.  190. 

njkHTnoniA,  a  kind  of  gntt,  ii.  183. 
Dew,  depoailion  of.   i.   89;    drip*  from 

crops,  li.  308,  420;  la  injurioua  in  hay- 

makinff,  ii.  440,  446. 
Diaatase.  li.  373. 
DiatomaceouB  earth,  ii.  1(19. 
Dicalric  pboaphate.  i.  37b. 
Diffuaion  ot  Kaaes,  1.  31;  of  liqidda,  I.  5; 

nneonal,  ii.  IS. 
Digestjon,  artifleiat,  1.  400. 
Dirt  mada,  i.  169. 
Ditiatecratton  of  rocka,  1.  137, 191;  bv 

iee,i.J33;  bv  roota,  i.  130. 
DiuHinlnatioa  of  feniUzara,  1.  3S4. 
Di'chen,  i.  es. 
DolomKe,  ii.  134. 
Double  humitea,  i.  3fi9,  476;  donble  aili- 

cate^  fluIioD  hj,  I.  1117.  307;  double 

■ulpliate  of  macneaia  and  potaih.  ii. 

1S3.  128. 
Draining,  mitigate*  drongbt,  i.  10B;  l< 

neccwary  for  fine  loila,  L  1S3:  warms 

hnd.(.  III. 
Drains,  i.  1D6-111;  eompoaitiun  of  water 

from,  i.  180;  growth  of  roota  in,  i.  Ill, 

Drun  Gaugee,  i.  63;  in  forwta,  i.  171. 
Drift,  i.  137. 


Dung,  i.  180;  of  bate,  i.  3H9;  celUn  and 
iihedi  fur,  i.  603  ;  diFfera  at  animals  do, 
i.  187;  liquor  from,  i.  192;  of  poullrj-, 
i.  387  ;  p».«niiaeDc«  of,  ii.  43,  b6.    Sea 

Dyewoods,  spent,  I.  4*6. 


destroy  it,  {lStT 
Eartb  ckwet,  ii.  38. 
Earth-borer,  ii.  183. 
EaHbwonna  are  harmful,  i.  I6L 

^:cl^-raM,  i.  m. 

Embanking  of  marshes,  ii.  336. 

£nailagtn{(,  of  cum  might  interfere  with 
tbe  nomal  working  of  a  farm,  ii.  1(19; 
of  gnaa,  ii  149. 173;  of  manure,  i.  bOli 
of  weed»,  ii.  172. 

Evaporalinn,  contralled  with  raiafall, 
>.  63,  88,  93;  cools  snila,  i.  111-114; 
from  leaTHi,  1.  99,  eompart  Tranrpini- 
tinn ;  from  sheets  of  water,  i.  93 ;  from 
soil',  i.  83,  68,  63,  94,-  is  hindeml 
bv  capillarity,  t.  79;  within  the  soil, 
i.  S3. 

Excavating,  may  lower  the  water  table, 

Exciemend,  comjioallion  of,  ii,  81,  81; 
deatrtiyed  by  drv  earth,  ii.  W:  eati- 
mated  value  of,  ».  73;  llminK  of,  li. 
80;  preiervalian  ot,  ii.  84.  Set  alio 
Manuie,  Nigbt-SotI,  and  Sewage. 

Eihalalion.     Bte  Transpirallon. 

HxbauBlion,  ii.  329;  meaniiig  of  the 
word,  ii.  186;  of  pastures,  ii.  481, 193. 

Exposure  of  fields,!.  30. 

Extensive  farming,  ii.  317,  474. 

Extract  of  earth,  1. 179. 


Faiiino,  il.  lit. 

Fairv  ring*,  ii.  186. 

"  Fa^l  feed,  ■  i.  133 ;  ii.  SH,  43S. 

Fallow  crops,  li.  310;  are  retomed  lo  (he 
land,  11.  218. 

FallowB,  ii.  100;  formation  of  nitmles  in, 
i.  292,  318,  317 ;  expose  land  to  be  gul- 
I1.J  1. !„    ij,  SOI;  ki — —  - - 

200;' merit  of,  i.  317. 
Farms,  ii.  308;  baaed  on  bottom  land,  ii. 
334,  on  forage  crops,  ii.  311.  on  the 
maintenance  of  animals,  fj.  136,  349, 
on  marah  land,  ii.  834,  on  potatoes,  ii. 
313,  836,  on  water  meadows,  ii.  333; 
the  disposing  uf.ii.  308;  division  of.  for 
TOlationa,  ii.  171);  examplea  of  English, 
ii.  332;  example*  of  low  farming,  ii. 
318,474;  "high"  and  "low,"  ii.  ai7f 
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Urmiiig,  ii.  Ml:  in 

333. 33T;  of  pionmns  ii.  3!8;  tbeir  siu 

whit  ii  B  good  furrn,  il.  317.  wbat  it  a 
Urfce  firm,  iL  S69)  without  livB  alock, 


iSe«  HioiiTa. 


ii.  *._. 
F«nnv»rd 
Vcathcn,  i.  89fl. 
Kermant  wtiun,  1 198,  SM. 
FemieiiMtHin  or  bone,  I.  Mi,  ii.  9;  nf  fish 

tcnp,  i.  379,  ii.  8;  <i<  haj  in  Ih«  mnw, 

ii.  MS;  nf  luxl,  il.  900j  oTput,  i.  413, 

K.  11;  of  ■oili,  i.  lift;  of  woollin  run, 

t.89B. 
Fermentation*,  ii.  <J8;  mum*  of,  i.  510; 

maj  diner  widelj,  i.  1113. 
FernienU,  i.  S9S;  aorabic  and  iiiMrobic, 

i.  Ml.  ii.  96;  in  dry  earth,  i.  417;  aooie 

kinds  of,  need  air,  i.  bll-fiH. 
Foniliier*,  amount*  carried  off  by  nrfaio 

eropa,  ii.  ISS,  217,  In  milk,  i,  48ft,  b; 

j_._.    .,    . ,  j„  „„j  ^ 

i.'t3i.     Compart  Artincial 


nove.  il.  337; 


Fire,  its  action  on  clar,  il.  331,  on  moor- 
land, ii.  841.  on  peat,  Ii.  US. 
Fiali  cnano.  flah  *crap,  nr  Hah  wute,  371- 
'-" i.  37B,  ii.  B,  pre- 


bysilicalw  i.W 
2611  18  aeidnm 


n  compoata,  Ii.  IS;  flaib 


I,  i.  1 
Flesh,  I.  3; 

meaL  i.  boo. 
Floalod  bone,  I.  231. 
Floating  sardena,  i.  ST, 
"Flosta,"ii.SS. 
Flocculitlon,  L  lET;  bv  gvpsum,  i.  319; 

bv  lime,  ii.  US,  166;   by  ulina  mal- 

tara,  ii.  16fi. 
Flacks,  i.  *B3. 
.    Flowen  are  derived  from  leaTca.  it.  361. 
Fodders,  fertitiiiur  value  of  variona  kinda, 

i.  t»G. 


F«,  of  liay  Aelds,  is  bamt  br  aaraicsa, 
il.  433;  protects  gnn,  but  inav  injure 


italao,  il.  434. 

FoldiuE,  ii.  43 ;  qnantilr  of 
Ii.  60;  savei  arine,  ii.  49. 

FollDwert,  in  pwtnrea,  H.  488. 

Food  of  rdanta,  i-  4,  8,  17B ;  amoant  car- 
ried off  in  crops,  ii.  317,  913;  amonnt 
needed  lor  perjeclion,  Ii.  (78;  exiits  in 


1, 1.177;  il  taken  from  dilute  >ola- 


Forests,  coolneaa  of,  i.  14S:  dampnesaot. 

i.  B9;  litterof,  i.  IHU;  nkinjcof,  i.  466; 

retention  of  water  by,  i.  17(1. 
Frost,  in  the  ground,  i.  74;  heann  ibe 

soil,  i.  133,  il.  414;  n»T  balp  puddling, 

i.  103;  splits  rocks,  1. 133. 
Fmil,  absorption  of  oij^geu  bv,  i.  39;  ii 

derived  from  leaves,  il.  361.' 
Fmit  trees,  pnidnrt  fnm.  il.  838. 
FnnBt,  deposited  with  dew,  ii.  446;  feed 

npOD  organic  matter,  t.  94,  478;  evnlva 

hydrogen,  i.  4S1 ;   of  mouldy  fodder. 


Grading  mav  chann  the  water  tabia,  i.  bb. 
Qrain,  after-ripening   of,   ii.    S44;    ImsI 

depth  for  sowing,  it.  431 ;  oonr**  of 

growth  of,  ii.  3        ' 

atoiw,  ii.  8B0;  1 

ii.  41S,  419;   spring 

490;  imDsloeation  of  mattera  into,  ii. 

343:  wbenlohamsliii.  Ml.    Coi^iara 

BarlflT  and  Oats. 
Oiain  crape,  have  longnMita,  Ei.  173,  ITT; 

ar«  helped  bv  ammonia,  1.  339,  140,  by 

Siano,  i.  361.  by  nitrate*,  i.  S41;  whv 
ey  need  nitrogenous  fcniliaara,  i.  tli, 

u.  in. 

Grandeau'B  black  matter,  I.  4C9. 
Grvs^  analyses  of,  Ii.  4G9-4W.  469;   la 
sualngous  to  oala.  Ii.  4&I>:    "  huminv 
'  of,  ii.  436,  4 

.  .  when  ripe,  II.  463;  liearvai>d 
lixhtMeding  for.il.  493;  from  irrinied 
meadows,  ii,  367.  366,  968,  973,  479: 
kinda  of  fertilisers  bent  for,  ii.  441; 
modes  of  growing,  ii.  40B,  and  of  sow- 


1.  418;    I 


B  ot,   i 


number  of  plants  to  the  Ibot  of  land, 
ii.  433;  rolling  of,  ii,  418. 496;  nwiingof, 
il.  463;  feeding  down  for,  ii.  414.  436, 
with  grain.  Ii.  416,  419,  with  mnlching 

Slants,  Ii.  434;  seed*  muat  not  be  deeply 
nried,  ii.  417,  491;  ahrinkagu  of,  11. 
463,  467;  sowing  of,  Ii.  493,  on  tnow, 
Ii.  417,  with  ETaTn,  ti.  416,  41B ;  "awerl- 
'"  of,_when  ripe,  ii.  457;  time  to 
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Gnu  Fwldt  an  ■aalog«iu  U  foraite,  li. 
19T;  cbangcs  prnducad  Id,  b;  eraiing, 
ii.  499 ;  dutnieUan  of  ;oun|;  pluiti  in, 
ii.  ias;   pBrmuunt,  ii.  412.     B**  Sod 

I,  hum  done  bjt,  Ii.  4M. 


Green  manuring,  i.  4S8;  amount  nf  or- 
ganic matter  ■onplied  bv.  i.  UI ;  dan- 
fen  of,  i.  438;  /  "  ■  ■  •  '  — 
I  ranlr  practi 
and,  i.  iSS;  ii 
4a9i  ttrtm  fallowe,  i.  434. 

GraeoxaDd,  ii.  lITj  u  analogDUi  to  the 
Hxine  tiliealea,  ii.  IIB. 

Gruiinif  water,  i.  4S;  decp-lj-iag,  I.  69; 
■nelhodt  of  pontrollinii,  '-  SS;  roovo- 
menti  of,  i.  M ;  luppona  many  erona, 

i.  ea. 

Gmiven'a  experimanta  witb  gnauo,  ii.  SS. 

Guann,  i.  36E>:  applied  bv  in«Ialmenhi,  I. 
6ti;  tmm  Baker'e  Iitand,  i.  B&B;  tniu 
dung  of  bata,  i.  SOS;  from  Chincha  It- 
Undr,  i.  3«Bi  falli  on  drr  Und,  i.  XS; 
from  fish,  i.  3T3;  is  good  for  grain,  i. 
S6i;  hiitnrical  importancs  of,  i.  871; 
Impalea  given  hy  it  to  agriculture,  i. 
380;  ii  an  intimals  ulitun,  ii.  68; 
nerit  of,  ii.  59;  Peruvian.  I.  359,  price 


IS8;  phwphali 


tiSed,  1.  Sli,  ii.  57;  ramnblea  dung,  li. 
«7 ;  UH  ef.  on  Iawn«,  ii.  430,  433. 
Gypaum,  i.  806:  abounds  in  aoroe  airila, 
1.316;  acuai  a  potanlc  manure,  I.  90T, 
ii.  431;  upeli  /ertiliiera  from  aoiln,  i. 
907;  faTon  clover,  i.  311:  flsca  '-am- 
monia." i.  311:  makiM  water  "hard," 
y  prtatna  dung,  i. 


D  atablea,  i.  314;  why  capri 


IIatr,  comp'vltian  ol 

iMXpic,  i.  BS. 
Hard  pan,  i.  1»0. 


Har,  American,  <■  inferior 


grafHs,  ii.  469;  aroma  of.  ii  liftHi  b^ 
Tapor  nt  water,  ii.  439.  440;  bnt  time 
for  mailing,  ii.  3S3.  4Se'46t ;  curing  of, 
io  cocks,  ii.  441;  fading  of,  ii.  4M:  dt- 
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'  of  ii.  44e;  la  Iniiired  by  dew,  li. 
and  by  feraientaliona,  ii.  4ST,  44S, 

is  laiatir*  when  new.  ii.  464;  loss 
39 ;  mads  br  way  of 


tamientation,  ii.  447; 


vs.  li,J< 

nutbuds  of  m 
meihoda  of  muiuriiig  for,  ii.  341,  439; 
mutt  nut  be  (uo  dry  wbon  stored,  ii. 
449:  ripening  of,  in  Ibe  mow.  ii.  46S: 
sailing    of,     li.    43S,    4SD;     from    salt 

439:   from  sedges,  ii.  334;   ibrinkaga 

ii.  437;  steaming  of,  il.  437;  "sweat. 
ing"  uf.  in  tbe  lield,  ii.  443,  and  in  liie 
mow,  ii.  464,  466;  wasla  of,  by  crum- 
bling, ii.  439;  from  weedr  graaa,  il. 
433,  438. 

Hay  cau,  ii.  448,  447. 

Hiv  Atlils,  American  and  Ennpean,  il. 
463:  ssublisliment  of,  II.  411;  irriga- 
tion d(,  ii.  23G,  437 ;  maintenaiwe  of.  ii. 
460;  manuring  of,  ii.  341.439;  mulch- 
ing of,  ii.  434j  pasturing  of,  ii.  433; 
reteeding  of,  ii.  430;  stirring  the  siid 
of,  ii.  413:  top-dreaaing  of,  ii.  437-430. 

Hay  spice,  ii.  4U. 

Heat,  absorpllnn,  radiation  and  reOec- 
tinn  of,  i.  40;  of  dark^oioTBd  loiis,  I. 
40;  of  fcrmenUlitin,  i.  363,  ii.  9,  43, 
44S.  449;  geaarated  in  flowers,  i.  31, 
and  plants.  1.  30;  is  kept  upon  tba 
«rthhv.h..,r.  ,.  «,  ,.  »,..„-1^bv 


gravel  and  rocks,  i.  44;  ot 
37;   is  increased   by  draining,  i.  iri: 
speciHc,  i.  113;  ot  tbe  sun  a  source  of 
power,  ii.  9G3;  ot  surfica  soils,  i.  87. 

Heavv  land,  1. 137. 

Hdirlegel's  perfect  barley  plants,  li.  377. 

Hen  manure,  i.  367. 

Herbs,  medicinal,  earing  of,  li.  441. 

High  Karaiing.  i.  370;  &  been  made  dif- 
ficult tbraugh  cbeap  tianiportatioa,  11. 
313. 

Hill  farms,  ii.  310;  as  reUtwl  U  groanil- 
water,  i.  39. 

Hilling  of  crop-,  i.  104. 

Hippuric  acid,  i.  3A7,  491. 

Uog>,  manure  ot.  i.  487,  496,  BnalT»a,  i. 
489;  (0  work  over  dung-beapa,  i.  303. 

Horn  meal.  I.  397. 

,  1.  480,493;  fed  to  cowa, 


;.  433. 


Horses,  in  paslures,  I.  483,  il.  490. 

Humaleorammniiia,  i.403. 

Humales,  1.353;  dution  ot  fertilizenbr, 
i.  476 ;  are  insoluble  in  saline  soluliniis, 
i.  477;  are  aolnblg  io  alkalin*  pboa- 
phalet,  i.  477. 

HusiiG  Aaiit,  1,  353,  46ti  abaoib  ammo- 
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nt^  i.  Ul,  II.  <l:  hare  cna«Henbk 
cheniical  power,  i.  483;  kre  inioluble  in 
■■liM  (ololinu,  I.  iT8. 
IJumnB,  i.  44T;  accuinuU'M  npictiv,  i. 
4;U:  ](■  ■ctton  on  rocks,  I.  4g3,  '489; 
condition*  tlut  favor  its  (onnation,  i. 
4$3;  cooU»ila>i.  47S;  diH«lr«uhin- 
imdientf,  i.  MSj  in  rimt  for  lunri,  i. 
iTS.  but  not  tor  crops,  I.  478;  mav^ind 
loi^lher  soil  partiL-lea,  i.  404;  mRydo 
liami,i.4T0;  iinportanceand  meriti  uf. 
i.  tiU.  483;  ma.v  lifhli 


nitrogen. 


.  4(8;  I 


in,  i.  4T9j  at  >  ihhvciii,  i.  wn;   II  Htme- 

tiiD»  Hor,  i.  488;  variea  with  cliuuta, 

i.4fi3;  wantaof,  i.  4&II, 
Humui  tbeorj,  i.  479,  u.  88. 
Hungry  anilt,  i.  ifiS. 
HvdnlMl  Silicate*.   5m  Doable  SI UcatM. 
Hydrogen,  ia  one  form  ol  plant-food. 

at;  a  product  of  feniienta)ion,  ' 

4tl. 
H/giMOO^  mOi,  i.  SI,  96,  B8. 


i.  450. 


Indian  com.    8tt  Haize. 

Infield,  ii.  a08. 

Iiwedivonnu  plant*,  i.  3t,  33T. 

Innrcte,  deitmclion  of,  b;  chemical*,  I 

1S8,  Uvlalloi-     ■■    — 

crnpr.Ih  209 1 
pailnre*,  ii.  4 

lnten«vB  Farmine,  ii.  SIT. 

Inlervilc,  farms  HaHd  on,  ii.  110,  S34, 
■re  irrigsied  n.lurallv,  ii.  S7B. 

Iodine,  from  sea  platrls,  i.  IS,  193. 

Iron.  neceseaiT  fnr  chlorophyl  grains,  ii. 
3.SE:  u  iilant-food,  1.3. 

Inigntion,  il.  !4S :  antount  nf  water  oaed 
for,  il.  2S4:antii)uItyat,li.»B;  h»de. 
creased  in  Central  Europe.  Ii.  3TS;  in 
Kjn'pl.ii.SaS:  evils  of,  il. 361,376;  fa- 
lieuenfwa(erin,ii.3ee,a7S;iaItalr,il. 
aiiU:  melh-ids  of,  ii.  383-386;  in  Spain, 
ii.  2flO:  subterranean,  ii.  *78;  in  Srria, 
ii.  3!Se:  waters  that  are  lit  for,  ii.  379; 
Is  vride1rpra(^tBed,ii.M7;  with  liquid 
manure,  II.  3S0;  with  sewage,  11.397. 


jDKit  beetle,  dcatrnetiwi  o: 


KAinrr,  ii.  131 ;  ai  a  ptnemtive,  ii.  131. 

Kleserile,  11.  130. 

Kusailing  of  aaili  i*  harmful,  I.  UT. 


T.A)in.  Am  Soil*. 
Land-4Mds,  i.  103. 
landlords  keep  up 
Und  Phuter.    Btt  Gj 


BteGjvtum. 
ilbert,  on  barler,  ii.  >78:  on 

CrcolBtian,i.B7;  do  wheat,  i.  3(9,  t4l. 
J  of  the  Und,"  i.  38. 
LoKhed  asbea,  ii.  Ill,  118;  aitHtdal.  it. 


meal  of.  1.  883; 

bonic  add,  i.  1 


iniposil 


It-food  >i 


>n  uf,  i. 


418,  I 


i.  U,  S3T,  ear. 
id  water,  i.  M; 
It  little 


.  .    ..  aulumn,  ii.  ._.  _   

ii.  98:  are  needed  for  producing; 

flowers,  fruit,  root*,  and  lubers.  il.  381; 

paivsp]  nf  food  from,  ii.  343;    b«aa- 

piration  of  water  bv,  i.  9,  13. 
Lt^mes.  in  rotatinne,  ii.  91)8 ;  take  nitro- 

fcen  from  the  soil,  ii.  218. 
Leiceater  bricks,  ii-  301. 
Leucin,  i.  307. 
Light,  helps  animilatinn  nf  carbon,  I.  84, 

imponant   for   growth,  ).  28,    ii.  371. 


bonic 


I,  i.  1»,  419. 


i.  140;  its 


i^me,  II.  ido:  lis  auunaance,  i 
action  on  duiic,  ii.  30,  89,  c 
ii.  148, 149 1  amonnta  of,  applied  to  land, 
ii.  U2;  is  cheaper  to  Iranfpori  than 
limeiitoDe,  ii.  187:  coaihinn  with  or- 
ganic nwltera,  i.  380.  ii.  20,  Itl,  303;  cor- 
rects acidilf,  Ii.  148;  deslroi-s  ormnlo 
mstler,  ii. '31.  1491  different  opiniuoa 
as  to  Its  utilit7,  iL  138 ;  fsron  tb* 
growth  of  clover,  ii.  431:  flomlalea 
cisy  and  mod,  ii.  143;  ia  good  for  tur- 
nips, il.  140;  impTOTHi  clays,  ii.  149; 
income  and  outgo  of,  on  farms,  ii.  141 ; 
is  largelv  used  in  some  localities,  IL 
139;  lli^lene  heavr  Und.  ii.  140,  1S1; 
may  1^  light  rolb,  ii.  143,  131;  mir 
decompose  minerals,  ii.  130;  mav  de- 

mav  Improve  tilth,  ii.  141;  mav  In- 
crease the  fixing;  power  of  soiln,  ii'.  181; 
Dietbodsof  applvlne.  ii.  139;  its  mode* 
of  a<:l[on.  ii.  140. 143, 180;  as  aptverr^ 
alive  agent,  i.  380.  3Sfi;  frum  sea-shells, 
ii  15fl:snon  changes  to  earimnaie,  ii. 
IDl,  188;  il  used  lor  preserring  hav,  ii. 
438, 

Lime  and  nit,  for  componts,  Ii.  IS;  on 
soils,  ii.  108. 

Liquid  manure,  1,493:  n*ed  for  irrigating, 
i].3iM. 

Utter,  amount  needed  by  aniouls,  i. 
BOS;  its  capacity  to  BbMrb  water,  i. 
Kl«i  may  preserve  manure,!.  803;  peat 
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Lupinea,  *>  gnva  mantire,  t.  tSB;  prefe 
nilrate-nitroKen.  1.1127;  ui  >  nnpiratioi 
tot  wheal,  ii.  313. 


ltj>ai 


\,  li.  134 ;  accumulMci  in  wedi 


ii.  I3ft. 


i.  ISftjii 

DUte,  ii.  188  ;  movementB  of,  in  pilots, 
li.  3M[  it  Hiinctimea  Jinntu],  11. 13S. 

Magnesia n  furt ill 

MiuFiiesiilii  limes 

Uthe,  Aoet  not -...--,  ...  -„. ,  — 

«inpl«a  of  cost  of  )^wii)g,  ii.  3SS;  it  > 
falJnw  crop,  i.  31i,  ii.  2«;  iu  influeiue 
on  Americia  fani»,  ii.  S19  {  prefen 
aEnoiDdiii-ullnifcen,  1.  331 ;  Unw  (or 
Mover)  of,  ii.  325. 

Halt  Slid  milting,  ii.  3T9,  376. 

"-•■-    ii.  878. 


nt  iood,  i.eiS:  ■tiiljieiaf,  1.483,  W5, 
bai;  tmleil,  i.  SU;  Wvlng  of,  ii.  37; 
derivalloti  of  Ibe  word)  i.  154;  eron- 
oin;  ot  UBing  ll,  il.  SU;  how  (a  «ti- 
mate  value  M,  ii.  99;  may  ferment  in 

tlian  the  food  would  be,  ii.  43;  fon-iiig 
poncr  of  frtali,  i.  lilS  ;  forking  over 
of  heape  of,  i.  B28;  impacled,  1.  508, 
614;  is  influenced  by  food.  1.  4SU-188| 
limit  of  profllnble  u>e  ot,  ii.  32T  ;  tha 
lilbir  in  ft  ihould  be  rotted,  i.  633,  SSS; 
long  and  abort,  i.  esa,  G95;  ioaa  of,  by 
lieciT,  i.  &30,  b25 ;  lom  of  nitrogen 
from",  i.  487  ;  may  be  Injured  by  dry 
earth,  ii.  3S  ;  may  be  reinforced  by 
chemirala,  1.  247  ;  may  apoil  in  Iodm 
beip*,  1.  &14  ;  merit  of  freih,  i.  918  ; 
niDilea  of  apnlvine,  ii.  38,  9SU:  It  not 
wellbalanceil,'ii.  £1B;  number  of  cords 
to  tha  acre,  i.  497:  obtained  by  means 
nf    artiHcial   fertilizem,    ii.  46 ;    from 

ritured  cattle,  ii.  61,  333,  491 ;  prened, 
614;  prenervation  of,  i.  499-608,  ii. 
130;  putrefaclioa  of,  1.  619:  putrid,  i. 
606  ;  ita  rankneat  when  treali,  i.  617, 
£28,  11.  gS;  relation  of,  to  cropa,  I.  498; 
rotted,  i.  6IS,  fi34;  nhould  act  quii^klv, 
i.  934,  S49 ;  »hrinkai;e  of,  I.  630  :  use 
of,  when  freab.  1.  331 ;  Voelcker's 
aiialyKS  of,  i.  691 ;  wet  termentalion 


n-ofm 

ii.  16.     8*t  tertiliB 


I  of,  iI.eS;  epeciat, 


UanaR-«ick  land,  ii.  17- 

Hanurine  maintaina  fertilitr,  ii.  181. 

Market  Garden*,  ou  low  laud,  I.  00. 

Marl,  ii.  160. 

tiarahea,  embanking  of,  II.  S34, 

Meadowi.  See  Hay-fielda,  Water-mead' 
owa,  and  Bop-meadowa. 

Henbaden,  i.  873. 

Meelin,  ii.  33U,  383;  remocea  roach  water 
fmm  land,  ii.  £04. 

Micmdcniei.  cause  fertnentationa,  i.  510. 

UiLTalion  ot  matter  in  plant*,  li.  343. 

Milk,  fertilizera  in,  i,  186.  ii.  107;  from 
grsM  ot  old  paaluru,  ii.  184 ;  weiglit 
of  ■  quart,  1. 186. 

Milk  Fsrma  of  Saxonv.  ii.  838. 

Mixed  FerCiliiera.  ^ee  Anillcial  Fertil- 
isers. 

Moisture.    Bee  Water  and  Vapor. 

Moor  earth   1 131,  483;  moor  pau,  i.  161. 

Unors.  cultivation  of,  i.  470 :  ii.  311,  941, 

Mortar,  ita  mode  of  aotioti,  ii.  11^ 

Moss,  IB  grass  flelda,  destruyed  ly  ani- 


I,  ii.  63,  136,  and  by  n 


129. 


Mould.  Bet  Humus  and  TegetabU 
Mould.  ° 

Hawing,  ii.  480. 

Mowing-Helds.     S<t  Hay-fielda. 

Huck.     ScePeat. 

Mulching,  i.  167,  169;  of  ei«as  land,  ii. 
434, 

Muriate  of  Potash,  ii.  190  ;  eoatl  lesa  to 
iranapurt  than  the  aulphate,  if.  193; 
diDuaea  easily,  ii.  128;  is  objeelloiiabla 
for  potatoes,  sugar  beets,  aud  tubauco. 


NASCKirr  hvdnqnn,  i.  461. 

Natural  Btreiiglh  of  Innd,  il.  191. 

Navaeaa  nhonphate,  i.  359. 

Nii^it-Mil,  ii.  69;  analnea  of,  ii  70; 
compijsting  of,  ii.  82, '76;  dangers  of, 
ii.  83;  deslmj-ed  by  dn-  eanh.  ii.  81; 
evaporation  ot,  II.  fll-.83  ;  mclhodii  of 
moving,  ii.  76,  and  ot  Irsalitig,  ii.  SU: 
repugnance  to,  il.  71:  treatment  of 
with  chemicals,  ii.  84;  undue  praisr  of, 
ii.  79;  why  used  in  China,  it.  810. 

Nitrate  ot  Ammonia,  in  air,  1.  319;  in 
waters,  i.  287,  318. 

Nitrate  of  Potash,  i.  296:  it.  188. 

Nitrate  of  S'-da.  i.  201 ;  Its  endurance, 
1.  304:  la  good  tor  grain,  1.  841  ;  but 
not  for  grass,  i.  996;  ila  use  increasca, 


Nitnles, 
316;  at 


aurfaoe  soil,  i. 
nonnt  in  air  and  min,  I,  319, 
■oils,  i.  313;  in  city  wells,  i. 
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lis ;  rampartd  witb  unmoiiii,  I.  MI, 
S93;  uferti)izerB,i.39S;  rormiltan  of, 
i.  30B,  in  Iha  air,  1.  «»,  hj  chemical 
naclions,  i.  808,  in  fallows,  j.  SM, : 
317,  in  living  piaata,  i.  SOT,  381  j  an 

rid  for  clever  and  otber  leguniet, 
29S,  S31  ;  hanllv  fbnn  in  dung- 
heapa,  i.  300,  30a,  527;  le«ch  out  from 
totla.  i.  813,  315,  SIS,  31S  ;  oflen  ac- 
cumuiaU   in  planU,   L  SiiS,  336  i   ara 

f referred  to  amiooiiia  by  maiiv  plant*, 
3S3,  333;  ndudion  o{,  I.  Blii,  in  th« 
leavea  of  plant*,  i.  332,  836;  Mving  of 
br  cropi,  1.  S16i  In  iIm  •all,  i.  813 1 
lued  to  reinforce  dung  ud  luperpho*- 
phale,  i.  393. 

Kitrio  Ferment,  i.  196,  304. 

Nitr*  BedB,  i.  393. 

KitrilkialloD,  i.  I3T,  S9«,  8M;  i*  favoivd 
bv  calcic  carbouau,  i.  3U1,  ii.  18,  IJT ; 
In  Held*,  i.  314. 

Nitrite*,  formation  of,  I.  309. 

Nilrcven,  of  amnsnia  preferred  br  aome 
planU,  i.  am.  3«t.  iU  p^ic^  i.  Si3; 
amount  needed  by  peifecl  baric  V 
planle,  ii.  381  j  amonnt  eupplied  tb 
crop*  by  the  aoil,  i.  4DT-411,  ii.  818, 
SJ8;  exbauelion  uf,  {mm  loil*,  i.  409, 
ii.  394;  o(  flab,  i.  STS;  fixation  of,  from 
tlie  air,  i.  41T;  gas,  not  aaiimilaied  bv 
crope,  1.  S3,  but  by  funfri,  i.  448  ;  in 
humus,  i.  403,  406;  inert,  of  the  aoil,  i. 
403,  408,  ila  importance,  i.  411;  liov 
oiidiiad,  I.  809,  310:  Ion  of,  fnim  de- 
caving  matter*,  I.  310,  from  inonuren, 
i.  48T!  not  exhaled  bv  aniuiala,  i.  488; 
not  ail  recovered  in  crncw.  i.  3N>,  408; 
of  nilratea,  ita  value,  i.  321,  and  price, 
i.  344  ;  occluded  bv  «>ila,  i.  4»l ;  or- 
ganic, i.  3»8,  experfment*  with,  i.  399- 
403.  valuation  of,  i.  3UB ;  of  peat,  i. 
411;  of  peat  composts,  ii.  8i  its  price 
ill  varioUB  forma,  i.  343;  of  the  toil,  I. 
sei,  ii  improved  by  alkalies  U.  IS, 
115;  sume  rrups  need  more  of  it  than 
otliers,  ii.  398;  of  nruie,  ia  excellent,  ii. 
G5, 08. 

Nitrogeniied  auperphoaphatea,  1.  S44. 

NitiDgenoua  fertiliien,  effect  of,  on  beet^ 
i.  333,  84U;  buckwheat,  i.  321:  clover, 
1.395,384;  grain,!.  339,  339;  lecume^ 
i.  838;  lupiuea,  i.  399  ;  maiae,  i.  834; 
toliacco,  i.  323. 

Niirof^noua  plant-fond,  i.  361.  857;  Is 
not  gi't  by  cropa  from  the  air,  i.  809, 
B3T  ;  quantities  coDSumed  bv  cnp*,  I. 
850,  406,  ii.  898  )  whencs  derived,  I. 
809,310. 


Oat*,  it.  tH;  Anndt's  experimenta  on. 
ii.  403 ;  compoaitinn  of  the  plant  at 
differwul  periuds,  Ii.  400 ;  coulain  an 


„      1  cropa,    ii.  398; 
faatidioas  crop,  li.  SUl;  prefer  ni- 

manura  and  to  aitrogeo,  ii.  MS;  when 
new,  an  unfit  fbr  horwa.  ii.  408. 
Ocean.  wh3'  salt  with  aodinm  chluid^ 

Oll-calce,'  i.  a88-8B9;  a*  fodder,  1.  WS. 


Oamoae.  or  Osmosis,  i.  5,  15,  31,  IBS. 
Osieiii,  i.317. 
Oullield,  ii.  BUB. 
Over-irriicatiao,  ii.  ITS. 


Oxidation,  influence  of  poroo*  bndieB  on, 

ii.  30-38;  and  reduction  in  soils,  1. 140. 
Oxide  of  Iran,  conveys  oiygvn,  i.  305. 
Oxygen,  ia  absorbed  by  buda,  fiowei*, 

grate  rocks,  i.  137.  and  fmheu  aoilF,  I. 
143;  iiesselilial  for  the  retpiraliuu  of 
planU,i.  31,417;  i>  exhaled  bv  ]c■ve^ 
1.23,418;  ilsimportauceasplanl-food, 
I.  U8,  ii.  435;  neceaaarj-  for  genniiu- 
tion,  1,29,  ii.  393. 

Ovaler^hell  flour,  ii.  ]56. 

Oione,  oxidian  ammuuia  and  DitritB,  L 


ParaiiTIc  PI.AKTB,  hnw  fed,  1.  3. 

Paring  and  burning,  ii.  334. 

Park  pastures,  ii.  475. 

Paaturea,  ii.  473;  amonnt  of  nutritive 
matter  got  froia.  ii.  478,  477;  cannot 
fully  nSliia  land,  ii.  tTB;  care  of,  ii. 
480,  483,  493;  ebsnge*  fn,  due  to  cattle, 
ii.  54,  480;  clearing  up  ol,  ii.  4B5;  dis- 
tribution of  manure  in,  ii.  51,  491;  ex- 
haustion u(,  by  gnaing,  ii.  493;  borsv* 
in,  I.  483,  ii.  490;  injntvd  bv  losects, 
li.  494;  management  of,  ii.  '480,  483, 
493;  manun  produced  in,  li.  S3,  431; 
mixed  Block  in,  ii.  491 ;  are  often  good 
when  old,  ii.  481;  refmh  gnod  bnd, 
ii.  197:  renovaiion  of,  i.  43«,  ii.  483; 
ng  for,  11.486;  run  out  and 
i.  481;  sheep  in.  ii.48T;  a* 
asource  of  (ertllily,  li.  836;  twine  for 
ploughing,  li.  483;  waala  of  dang  In, 
ii.  480. 

Paalurinc.  cnmpsnd  wllh  soiling,  ii.  ITS; 
of  hay  Held*,  il.  435. 

Peasant  proprietors,  ii.  S-%. 

Peat,  i.  453,  468:  for  bedding  animls,  U. 
3i  fur  compoati,  ii.  C,  Ul;  "curing" 
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of,  ii.  8',  erolDtioD  of  acnmonla  from,  I. 
*)8,  ilt;  termenlation  of,  ii.  11;  for- 
malioD  of,  t.  412;  ■  lource  of  nitrogsii, 

PsrcoUtioD,  of  ground  waUr,  i.  56;  af 
rainfall,  i.  Bl,  AT,  od  mulched  loud, 
i.  171. 

Peroxide  of  hfdrc^en,  I.  319. 

FhoaphaU  of  ammonia  and  magneaia,  i. 

346, 11.  S8,  lar. 

Phospfaata  of  lime,  of  Ihe  gelatine  maken, 
i.  258:  ig  incompatible  with  carbonaW 
of  lime,  i.  S33;    precipilated,   i.  3&8; 


ii.  361-854; 


^mentBof.ia  iiiiiit 
in  all  wila,  f.  281 
(be  ■uppl]'  «iU  til 


soon  be  exhaiuted, 

Fbospbatic  compoit,  ii.  Sb;  fertilixen,  i. 
aifl;  guano,  i.  3fi0. 

I^osptiaric  acid,  InKiIuble,  i.  278;  pndp- 
ilaled,  i.  318,  1>  cheaper  than  the  kiI- 
uble  form,  i.  219;  is  Hied  in  the  Hiil, 
i.  340;  prices  aC  which  it  is  told,  i. 
388;  reverted,  i.  3T&,  how  made,  1. 
280,  ia  more  aolubla  than  boae-meal, 
i.  366, 283.  tU  valuation,  i.27T;  in  soil- 
water,  i.  180;  aolnble,  i.  239, 380;  value 
of  that  in  bone-meal,  i.  237. 

Pboephorit,  i.  2BB. 

Pigeon  dung,  L  368. 

Plant  cetli,  tonnation  of  allnlM  b^i  t-  >0T. 

Plant-food.    See  Food  of  Plants. 

Plant*,  aclda  in,  ii.3I4;  crowd  each  other, 
i.  1L8,  ii.  433;  mav  be  grown  in  well- 
water,  i.  181;  meliiod  ofobtsining  per- 
fect, ii.  377 ;  movementa  of  matlem  in, 
ii.  342;  multiludee  an  dealroved  when 
young,  il.  433;  mast  be  fed,  i.  ITS: 
need  oi.vgen,  i.  38.  even  in  winter,  il. 
436:  power  of,  to  resist  drought  wben 
j-oung,  ii.  426;  selective  power  of,  i. 
188;  some  kinds  a&ect  bumns,  ii.  188; 
•oma  kinds  need  to  be  rotated,  ii.  IBT; 
some  kinds  prefer  new  land,  ii.  188; 
Cake  food  from  dilute  solntions,  i.  10, 
192;  tianslocation  nf  matter  in,  ii.  343; 
very  few  were  tbrmerlykuown  to  farm- 
en,  ii.  199;  wilting  of,  ii.361. 

Plaster  of  Paris.     8te  G;r^um. 

Plastering  from  liouses,  i.  391. 

Ploughing,  1. 140, 143,  163.  166. 

Plum  trees,  fiul  in  Eastern  MassachBMtts, 

Po(^,  a'klndofI5sh,  i.  373. 

PolyhatliCa,  il.  ISO. 

Ponds,  i.  63;  pood  mud,  i.  IBl. 

Potath,  as  an  agricultnral  prodnet,  il. 

390;  aids  iilmuviiigitarcb,ii. 133,366; 

■mounts  carried  off  in  crops,  ii.  318, 


contallMd  in  rocks,  ii.  104,  needed  bj 

perfect  barlej  plants,  II.  370;  ftir  clover 
sickness,  ii.  106;  its  condition  in  the 
Mil,  ii.  118;  dlftuaion  of,  in  soils,  ii. 
128;  flistion  of,  in  the  toil.  i.  IM,  il. 
104;  favors  the  growth  nf  clover,  i. 
444,  IL  106,  113,  431;  is  good  tor  to- 


lOsTiiu. 


lOsTiiudso^plaula  tc  .._. -^ 

plied,  ii.  113;  kiads  of  soils  that  need 
It,  ii.  106;  the  mine  of,  at  Stassfurt, 
ii.  119;  movementa  of,  in  plants,  il. 
3SB;  moves  March,  Ii.  133,  366;  ob- 
tainable from  rocks,  ii.  119,  aftO,  381; 
is  retained  by  soils,  i.  1S6,  ii.  KM;  is 
returned  to  the  land,  ii.  106;  in  sea 
plants,  i.  444;  is  set  free  bv  gi-psum,  1. 
307,  and  bv  salt,  ii.  181 ;  in  twigs  and 
leaves,  il.'l08;  in  tobacco  stems,  ii. 
109    113. 

PotashsB,  action  of,  on  soil-nitrogen,  ii. 
116;  amounts  obtained  from  plants, 
Ii.  lOS,  IDS ;  average  compoaitwn  of, 
ii.  Ill ;  for  compostini;,  il.  31 ;  for  dis- 
solving bone,  i.  363,  and  wool,  i.  886; 
value  of.  ii.  139. 

Potash  salts,  ii.  13U;  experiments  with, 
ii.  1S8 ;  rules  for  applving,  ii.  137 ;  sel- 
dom repay  llieir  cost,  li.  134;  nsedwilli 


Hir 


Folatsic  manures,  Ii.  108,  HO. 

PoUloes,  do  well  with  dung,  il.  331;  ex- 
amples of  cost  of  growing,  ii.  337;  ex- 
periments with,  i.  331;  maybe  grown 
continuDusiv,  ii.  187;  not  well  adapted 
to  precede  wheat,  ii.  313. 

Potato  rot,  checks  growth,  li.  361. 

PaadT«tte,  ii.  76-80. 

Preparatory  crops,  for  grain,  ii.  172,  212, 

Puddling,  i.  167,  100,  ii.  144,  236,  373; 
is  prevented  by  lime,  ii.  143.  166,  by 
mulches,  i.  ISO,  974,  and  by  saline  so- 
lutions, li.  166. 

Pumping  engines,  il.  9B3. 

Putrefaction,  is  adverse  to  nitrification,  L 
300,  809;  is  hindered  bv  acids  and 
promoted  by  alkalies,  il.  IJI,  14:  of  ma- 
nnm.  i.  613. 

Pyrites,  oxidatiim  of,  L  316. 


Raos  and  rag-wool,  i.  893. 
Rain,  compaction  of  soils  bv,  i.  160;  is 
often  insufficient  for  cropa,'i.  99,  ii.3Ba, 
ercclation  of,  in  soil,  i.  61,  67; 
in  the  soil,  1. 146,  ii.  388;  may 
-«Tn  land.  i.  113. 
Rainfall,  In  faiests,  i.  173 ;  variations  of. 

i.  61;  weight  of,  li.  36-1. 
Rape,  as  an  Interpolated  crop,  ii.  333. 


186;  perci 
itored  in 
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RcHTve  food,  alored  in  rooU,  clc,  iL  360. 
Rt»ervoin,  for  wmtcr,  1i.  303. 
Retpintioa  of  p1<ati.  i.  31,  UT. 
RiTcrted  phcH^ite,  i.  2TG. 
Kibptougliiiig,i.43<>;  of  puturea,  ii.  48S. 
Rica  ael&,  Irrigation  of.  li.  37S. 
RiTin,  CM.ITJ  amy  fertiliien.  ii.  39a. 
Road«,  differ  from  tilled  flelda,  i,  116; 
mending  o(,  i.  1611;  their  Inliaence  on 

Bocka,  convertion  of,  to  k>11ii,  I.  136; 
comnion  of,  bv  root>,  i.  186,  IBS;  distn- 
Ugratioa  of,  I.  127;  are  disaolved  by 
water,  1. 134;  retain  heit,  i.4ei  ureiUh- 


BootcropB,  i.  l: 
with  mftize,  ii. 


cm  hardly  oompeCa 
3:  larga  " roots "  leaa 
UU...UUU.  m.u  xniatl,  Ji.  B69;  remove 
moch  nitrogen  from  the  loil,  1.  411),  ii. 


Boot-hain,  i.  G. 

Boota,  act  direutly  upon  the  nil 
appear  (o  |^w  towarda  food. 


.  180; 


i.  iis'i 

rode  rocta  and  Boils,  i.  ISt,  IBS;  de- 
compose salts,  etc,,  I.  18ft;  deptha  lo 
which  they  oenetrale,  ii.  175,  IHi 
develop  in  contact  with  food.  i.  IBS; 
development  of,  ii.  1S3,  SSS;  ^ve  up 
DitrogeD  to  the  ripening  plant,  li.  406; 
grow  rapidly  when  young,  i.  117,  ii.' 
116:  Deed  oivgtn,  i.  29,  and  room, 
i.  110-131,  anil  to  be  weU  diatribuled, 
IL  ISO;  osmotic  action  of,  i.  8,  18,  IS3; 
reserve  food  in,  ii.  360;  ■ometimes  stop 
drains,  i.  Ill,  189;  storing  of  food  in, 
ii.  360;  their  stnicture,  ii.  ITS. 
BotatioD  of  crops,  [i.  160;  cirrunulancra 
that  Gonlrol,  ii.  331,  328;  clover  and 
wheat  ill,  ii.  313,  21fi;  conservaiivB 
tendency  of,  ii.  S31j  examples  of,  ii. 
237;  fallow  crops  in,  ii.  210;  a  five- 
CDurM,  i).2l7;  flexibility  of,  nowadavs, 
li.  330;  a  four-course,  ii.  316;  grass  in, 
ii.  IBS;  green  crops  for,  ii.  199;  as  in- 
fluenced by  labor,  ii.  198,  and  bv  le^al 
realrictions,  ii.  220;  an  lUlian,  ii.  358; 
legumu  En,  il.  208;  little  need  of,  near 
cities.  iL  189.331:  minor  rules  of,  ii.209: 
,  ii.  33[>;  in  No> 

;  na-weeds'  in,  il.  169,  239;  'the 
tfare»«ourse,  ii.  193;  whv  flnt  prac- 
tised, ii.  193. 
Bowen,  ii.  S4«,  436 :  for  ensilage,  ii.  4*0: 
ia  laxative,  ii.  46$;  might  be  mixed 
with  atiaw,  it.  46«. 


Running  out  of  land,  I.  4IW,  ii.  SOO,  SOB, 

224. 
Rustingof  siaaiill.  483;  of  oats,  ii.  396. 
Rye,  as  related  to  the  other  cropa  of  a 

&nii,  ii.  199. 


Salihb  InciiDBTATioiiB,  On  colls,  i.  73. 


Salt.     St€  Sodium  Chioridfl. 

Salt  manhes,  il.  336. 

Saltpetre.     See  Nitrate  of  Potash. 

Saltpelra  yards,  i.  293;  nJtpelre  waato, 
i.  296,  il.  133. 

Sand  culture,  1.  8. 

Sandt,  why  sterile,  ii.  888. 

Sandstone,  absorbs  saline  matlaia,  i.  903 ; 
holds  water,  i.  68. 

Saw-dust^  i.  44B.     See  alio  Litter. 

Saxon  roilk  farms,  ii.  336. 

■■Scutch  "i.3BB. 

Sea-weeds  and  an  manure,  1.  i40,  U9; 
compoeition  of,  i.  444;  a  potaisic  ma- 
nur«,  i.  444;  at  Portsmouth,  N.  H.,  ii. 
438;  roulians  based  on,  ii.  189,  SSU. 

Sea-water,  as  a  fertilizer,  ii.  16T. 

Seed-beda  ne«d  to  be  mallow,  i.  116. 

Sseda,  after-ripening  of,  ii.  343,  386;  are 
best  for  sowing  when  dead-ripe,  ii.  367; 
changes  in,  wbile  ripening,  ii.  34A;  de- 
stroyed by  fennenUtion.  i.  393,  ii.  31; 
germination  of.  ii.  372,  393;  germina- 
tive  power  of,  ii.  366 :  heavy  sStit  give 
vigorous  plants,  ii.S87;  im perfect eeeda 
an  bad  on  poor  Und,  ii.  368;  are  in- 
jorad  by  saline  matters,  ii.  395;  mnat 
not  be  buried  deep,  U.  4IT,  421;  need 


into,  during  ripening,  il.  843,  and  oat 
of,  during  germination,  ii.  346,  394. 

SelectivB  power  of  planta,  i.  183. 

OaiHMk    i:   oai.   ....I-—  ..f   ::    oqr-  :- 


ferment*,  ii.  397.  bv  irrigation,  ii.  99d, 

by  percolation,  li.  J96. 
Sewage    irrigation,    ii.    !6T;     kJiidt    of 

grassea  favored  by,  ii.  438. 
Sewers  merit  of,  ii.  39B. 
Shade  is  bad  for  most  cro^B,  ii.  381. 
Sheep,  dung  of,  i,  49«;  eat  many  weeds, 

ii.  487;  foldioff  of,  ii.  48;  for  imprar- 

ing  pastures,  ii.  486,  and  orchaids,  iL 

488. 
Shell  mari,  ii.  169. 
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plmots,  li.  367;  fixation  of,  bv  ■oils, 
IB&j  la  KTus,  1-  IS-l;  probabty  not  e 
aeuCiil   for   the  growlh  of  planla,  i 


Siliotsa.     Sie  l>oub1e  Sili«l«. 

ttilk  is  biB]ily  hygroKopic,  i.  St. 

Sludga  (from  eewage).  i).  303;  iti  eoD- 
vereion  to  cement,  ii.  303. 

Sludga  acid,  i.  3GS. 

Sdow,  protect!  grua  and  Tdgitlbln,  iL 
424,  m. 

Sod,  unount  of  organic  matter  Id,  1.  430; 
exhales  mucb  water  vapor,  [.  13,  B»; 
hindun  frost  Trom  penetrating,  i.  T4, 
Tain  from  perculaliug,  i.  63,  and  raiii 
from  Wfuliing  awav  soili,  i.  JGS,  31T, 
ii.  1»T,  aOI,  339;  Seeps  soili  varm  or 

tililv,  i.  430,  ii.'493. 
Soda.'ii.  Ifll;  ii  abundant  in  HHnc  plants, 
ii.  UO,  161, 16T ;  is  not  euentiil  for  iha 
growth  of  planlH,  ii.  IS,  IHl;   canuol 
replace  potaah,  ii.  161;  ocean  in  Ihr 


.   163; 

164;  I*  a  geniiicide,  ii.'l68i  ita  modes 
of  aclioD,  ]i.  ISl;  leada  lo  maka  pota- 
loe>  waxy,  ii.  1B4;  toughenabemp  and 
tobacco,  ii.  IM;  ia  iiaed  to  check  rank 
growlh,  ii.  138;  ita  im  u  an  addition 
■a  gnuo,  i.  SSC;  iu«d  tor  preserving 


ha}',  ii.  438. 


impared  with  pasturing,  ii.  476- 


fluida  and  aoJitls  to.  i.  303;  advantagee 
of  keeping  tbem  covered  with  vegeta- 
lion.  i.  316 1  amiinnts  of  plant-food  cnn- 


kaHes,'  ii 


capillary  power  of,  i'.  TB;  chemical  ac- 
tion in,  i.  197,  SOU;  compaction  of.  by 
— ■-   i.  160,  by  improper  tiilapo,  1.168; 


crumbled  by  lillaee,  i, 

iHi.0.1  frntn  m..k«     I    10T 


i.  178;  1 


rived  Trnm 

ness  ol,  to  be  avoided,  i.  166-163,  ii.  146; 
evaporationofwaterlVom,  1.63,63,94; 
exhaustion  of,  i.  409, 11.  186;  fermenta- 
tionain,i.  U6,ii.  3S;  fixation  of  cfaemi- 
cala  by,  i.  196;  floccutation  of,  i.  167, 
SIS,  ii.  143,  1(6,  IBS;  formation  of,  in 


:  heaving  of,  by  froat,  i.  1 


adapted  fi 
I  reapond  i 
;acb]-,  ii.  4l 

inturai  strenmh  of,  ii.  191;  origin  of; 

i.  138;  pereolatiDii  of  rain  through,  i. 

jf.'i.  79,' 
ii.  398, 


.  permeabililv  o 
jJasticity  of,  i.  166;"poroBity  ol 
4W;  power  to  purifv  aewagr 
300:  are  pre>«rvcd  by  salini 
U.  164;  puddling  of,  i.  167,  163,11.  144'; 
rotations  of,  to  heat,  i.  3T,  and  to  roota, 
i.  IIS;  reversion  of,  to  rock,  1. 161;  Tun- 
ning out  of,  i.  409;  are  ihaded  by  leafr 
crop*  1.  813,  li.  304;  solubiiilv  of,  i.  134; 
soluble  matters  in,  i.  179;  supply  aah 
Ingredients  and  nitrogen  to  crops,  1. 
17a;lilthof,  i.  116;  uses  of,  1. 178;va- 
rieliea  of,  1.  136;  water-holding  power 
of,  i.  76;  weight  of  an  acre  of,  I.  134. 

Solubility,  of  bone-meal,  i.  238;  of  phos- 
phates, 1.303;  of  rocks  and  soils,  i.  134. 

Soot,  i.  366,  ii.  97. 

Soumesa  of  fruit,  etc.,  ii.  133. 

Specilic  heat.  i.  112. 

Springs,  i.  64. 

Sprout-land,  ii.  193. 

Standing  room  of  planta,  i.  118,  ii.  ISO. 

Starch,  lonns  in  leaves,  1.  S3,  418,  480, 
li.  366;  is  moved  by  meani  of  potash, 
ii.  133,  366;  movementa  of,  it.  3S6; 
stored  m  roota  and  wood,  ii.  860. 

Stasafurt,  the  potash  mine  at.  ii.  US; 
salts  contain  magnesia,  il.  137,  may  be 
used  for  preserving  manure,  ii.  ISO. 

Steaming  of  fodder,  li.  437,  464. 


Store 
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rotted  when 
dung,  i,  636;  should  be  sold,  ii.  236; 
wasted  on  many  farma,  il.  333. 
Strawberriea  preftr  new  land,  ii.  188. 
Straw  yards,  ii.  93. 
Stubble,  amounls  left  by  crops,  il.  210. 
Subsoil  plough,  may  puddle  land,  1.  ~ 

use  of,  i.  144. 
Subsoil  water,  i.  48. 
Subsoils  arv  not  fullj  aerated,  I.  Ul. 
Sublurf  plough,  ii.  418. 
Sulphate  of  Ammonia,  farora  growlh  of 
""      S40,  433;  is 
Indian  com, 
,  1.  3S6,  and 
for  grain,  i.  834 ;  how  used, 
laliv  fit  for  old  land,  1.  330, 
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Salphate  of  Hun««i«  uid  of  PoUih,  li. 
m.  19S. 

SulpbaM  of  PoUib,  ii.  121  i   may  react 

well  OD  eolls,  ii.  136. 
SulpbaUa,  u  oxidiziog  agmu,  i.  306; 


Sulpliidi 


,141. 


S  I.  U 


Sulphur,  it  oftso  set  free  io  uili  u  ■ 
poduct  of  reduction,  i.4flO;  movements 
Id  plants,  ii.  3S6. 

Summer  tillage,  i.  1S3, 18B. 

Sun,  ill  heat  a  tource  of  power,  ii.  963. 

Sunflowen,  conUiu  Ditre,  1.  33a,  336 :  fed 
wilb  nitre,  i.  ITS:  (raaepiie  mucb  water, 

i.  lie. 

Superpbosphate  of  Liine,  1.  23S,  !44; 
composition  of,  i.  339  ;  belpi  young 
crops,  i,  283  ;  bome-made,  i.  21B  ;  a 
meani  of  djitributing  pUoaphoric  acid. 


41 1  itai 


of  ai 


n  btme-meal, 
i-  asS;  priua  of,  i.  373;  quantities  ap- 
plied to  the  land,  I.  28B  ;  should  be 
aualvied,  i.  2TS;  sometime!  doea  hann, 
i.  24^:  Tartable  compoaitian  of,  i.  369, 
ST3. 


agt,  11.  a06. 

Ta-fed,  ii.  81. 

TampiDiF,  i.  IDT. 

Tan-bark,  i.  446. 

Tankage,  t.  388. 

T«a,  black  and  greea,  ii.  418. 

Teathing,  ii.  IS. 

Tenure  of  land,  as  influencing  fanning, 

ii.  330. 
■Uledraiun.  i.108. 
Ullage,  i.  116,   166;    implements  of,   I. 

138j  prote<^tt  land  fmm  droufcl't.  '-  IBS; 

summer  or  surface,  i.  163,  166. 
Tiltb,  i.  116;  improved  by  clay  and  by 

bumua,  I.  164. 
Timothj,  ii.  410;  yields  baarily,  Ii.  16S. 


..___hy.  ii. 
Ste  Ones. 

Tobacco,  bums  well  wben  chareed  witb 
potash  salts,  ii.  134  ;  is  injund  bv 
cbloridex,  ii.  138 ;  mixed  fertilizers  for, 
i.  381,  B»3  ;  iu  atenis  are  a  polassic 
manure,  ii.  109 ;  wood  ashes  for,  ii, 
116. 

Top-dresMng.  i.  158, 189,  304;  ii.  3T,  42T. 

Torrelled  wool,  leather,  etc.,  i.  381,  383. 

TrnnslocaUon  of  matter  in  planls,  ii.  313, 
360. 

TraDipinlion,  amount  of  water  given  off 
by,  1.  13,  li.  30T,  3SS ;  cooUdk  effect 
ot;  i.  148;  fmm  mown  grass,  li.  413;. 
influence  of  light  and  heat  on,  i.  12; 
Ita  Imponnnce  for  Che  plant,  i.  11,  IS; 


is  not  a  direct  means  of  twinging  food 
Into  tlie  plant,  i.  11, 13. 
Trees,  as  a  crop,  ii.  103;  as  pumping  en- 
giues,  i.  SO;  take  water  from  the  soil, 

Treacbing,  i.  130. 

"Turn  of  the  year."  i.  16. 

Turnips,  do  well  witb  phosphates,  but  da 
□ot  respond  to  ammonia,  ii.  314 ;  re- 
move much  nitrogen  from  land,  i.  410, 
ii.  314  ;  small  more  nutritious  than 
large,  ii.  360;  as  a  stubble  crop.  ii.  817, 
331;  used  for  obtaining  dung,  ii.  316. 

Ty rosin,  i.  367. 


Urate,"  a  kin< 

Urea,  i.  367;  amount  of.  iu  uijne,  i.  491; 
is  destroyed  by  a  ferment,  I.  618;  dif- 
fuses readily  in  the  soi!,  i.  368. 

Urine,  i.  368,  ISO;  analysas  of,  i.  489, 
ii.  SI;  is  too  dilnte  to  bear  transport, 
ii.  74;  is  a  forcing  manure,  i.  190;  bow 
to  keep  it  fresh,  ii.  87;  lutrogcn  of,  i. 
189-101 ;  putrefaction  of,  i.  613 ;  Ita 
value  as  a  manure,  ii.  43,  65. 

Uiic  acid,  i.  367,  103. 


Yafor  of  Watek,  absorbed  by  leaTea 
(7),  i.  86,  bv  soils,  i.  86;  in  ur  abon 
crops,  ii.  SOS  ;  hmden  loss  of  heat 
from  the  earth,  i.  16. 

Tegetabte  Mould.    Ste  Humus. 

Vegetation,  hinden  movements  of  water, 
'  66;  is  often  good  for  land,  i.  316. 


Tillage  commuuities,  ii.  191.  ' 

Ward'b  Cask.  i.  10. 
Warping,  ii.  376. 

Water,  (compare  Ground-Water  and  T*. 
nor  of  Water,)  absorbed  by  leaves  (?), 
I.  36.  bv  roola,  i.  7,  16;  amount  of, 
in  air-dried  plants,  i.  86,  in  fresh 
plants,  i.  1,  used  for  Irrigating,  ii.  264; 
Its  capacity  to  boldbeal,  i.lll;  capacitr 
of  soils  Co  hold  it,  I.  116;  capillary,  1. 
76:  movements  of,  i.  71,  73;  is  clsri- 
fled  by  lime  salts,  ii.  164,  166:  coots 
-lis,  1.46,  113;  ir  -  ■— ■  — •■■■ ' 


heat.'i.  ..-, 
ii,  386;  enal 


determines  fertilitv,  i.  91, 
a  act,  ii.  210; 
e  Transnira- 


..  c.......c>.    uT    leaves,  «e  Transnin 

tion;  expands  in  frwiiug,  1. 133;  fn»o 
field  drains,  i.  IBO;  hygroscopic  i.  86; 
its  importance  for  plants,  i.  01,  li.  360, 
383;  mch  of,  i.  113,  ii.  264;  may  act 
as  manure,  ii.  318  ;  its  movements  in 
planls,  i.  9,  in  the  anil,  i.  69,  are  biik- 
dered  by  v^etation,  i.  6S  ;  quantity 
best  snltad  for  crops,  i.  81,  ii.  383;  Ita 
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lelmtitnu  with  tin  k><I.  !.  47:  in  uili, 
bat  amoDnt  of,  i.  81,  ii.  3SS,  bsft 
heigbt  for,  i,  BT,  68,  ii  removal  by 
crops,  ti.  9U1,  tad  by  treei  uid  meda, 
i.  UT  ;  spBciflc  he&r  of,  i.  112;  Btas- 
nant,  ia  injurious,  ii.  !6fi;  transferal, 
in  eipiltarv  liuun,  i-  11:  tnnspin- 
tinn  of,  1.  9,  13,  18  {Met  aln  Tnngpi- 
ration)t  front  welli,  i.  180,  doei  not 
CDDtain  aminoniR,  i.  364,  may  aapport 
plants,  i.  181,  IL  379;  in  the  wood  of 
treea,  1. 1. 

Water  Cultare,  1.  2. 

W«t«r  FurTowi,  i.  101. 

Water  Ueadows,  il.  S6G,  S8S;  yield  from, 


Weedi,  compoeitinn  of,  Ii.  31;  are  eater 
by  animals  when  willed,  Ii.  fil  :  nel 
nacesMrily  hurtful,  ii. 330;  ileal  water 


U;  flowing,  1. 
und  iatanoi,  i. 


n,  1.  63;  driren,  i. 
ovenliot,  i.  66;  on 
;  where  to  dig,  i. 
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Willie  acrap,  I.  UTS. 

Wtieat,  comparatiTe  coit  of  growlngon 

good    land    and    poor    land,    Ii.   3iM; 

Lawe)  and  Gilbert'*  experiment*  with, 

i.  339,  341. 
White  crop,  ii.  930. 
"  White-top,"  or  wild  oat-grau,  il.  4B1. 
■"^'■ing  of  leavn,  i.  IB,  ii.  261;  cauM  of, 
13;  is  indicative  of  lerioni  troDble, 


in,  I. S. 


369. 

:d,  ventilating  power  of 

ter-killiaa  oigraH,  <i. 

Wood,  Mhesfa,  ii.  113;  «■ 

Wood  Ashes,  alltaii  power  i_. ,  __. 

better  than  the  Staisfurt  salts,  ii.  134; 
hind  light  soils,  ii.  IIS;  composition  of, 
ii.  Ill,  113;  tor  composting,  ii.  IS;  as 
a  manure,  ii.  Ill ;  .price  of,  ii.  113; 
used  with  bone-meal,  i.  31S, 
Woodland.  See  Forest. 
Wool,  i.  3S3;  tflmded,  1.  MT)  waste,  i. 


ZwMJTio  Uunsau,  In  lolla  (f),  L 1S9. 


ITnlvenltj  Praia,  Cambrldga;  John  Wllaon  A  8Mb 
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